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The present application is a continuation 4 

07/926,666, Which are incorporated herein by referehce. 

BACKGROUND OF THE INVENTION 

The present invention relates to co»n««4«.. 

methods for preventing, treating or diag^osIn'Tn ^ 
Ba*-h«1 « ^ oiagnosing a number of 



selected major htstocompatlbiUty =<»pl« rJe. l^^,^ 
inducing m response. ' ""^■'l" «^ 

■°^«'="*'? "re clMsitied „ either cl«"* T 
Cl«s II i«,iecuxe,. ^Uss II mc .oleculi. S^iS S " 
Pri.«ily - involve. ,„ initi.ti^^":^^"' 

l™m. r«vons.., ,„cl, „ j lynphocirte. \ it^ ^ 
**cropha,e., etc. clesa II M^.,lt^;e Jr^v' 
t^lpsr T Ij^pfcocyte, end i«h.c prolS't^, ITT? 
lm».o,^ea e^ a-pli«cation of the ^ "aLo^'T I 
P^i^Ur ii«inoge„i= peptide that is d^J^ 
-lecuiea .^esaed on aimoat an nJL:^ ;.!!- '2d 
recojnired by cytotoxic X ly.»*ocyt«, (cn^t^Tj^ 
«««.troy th. antigan-baarin, calls. CTLT^i' - 
ijIPortant i. tumor r,jecti:^ and in l^t^ :nP^, 
»e CTL r.cog„U„ ^ ^^^^ the 'on.^,^^.'S * 
fragment h6uM to the HBC class I molecuUa LL^Tts 
intact foreign antigen itself i^e ^ 
eMogenCusly ay„thesl.ed by L «U 1' " ""I* ^ 
Prcteih ahtigen is degraded' ^nj^^^.^,^^ ^ ^ 
the cytoplasm. Soma «^ pep^iae fragments „n 

. pre-ccr,! r :„^:t':rr::a"'-^°"*» 

to facilitate i^oper folding and ^0! Ltr^th ^^.T"-" 
M microglobulin. The peptide-mc cl..= t 
routed tb^the cell sm-fL . =l»ss I complex is then 

recognition b.^^\S ^J" -^-^^«> -^ential 
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Investigatilons of lihe crystal structure of the human 
HHC class I molecule, HLA-A2.1# indicate that a peptide 
binding groove is created by the folding of the al and a2 
domains of the class I heavy chain (Bjorkman et al«. Nature 
5 329:506 ( 1987). In these investigations, however, the 

identity of peptides bound to the groove was not determined. 

Buus et al., Science 242 ; 1065 (1988) first described 
a method for acid elution of bound peptides from MHC. 
Subsequently, Rammensee and his coworkers (Falk et al.. Nature 

10 351:290 (1991) have developed an approach to characterize 
naturally processed peptides bound to class I molecules. 
Other investigators have successfully achieved direct amino 
acid sequencing of the more cd>undant peptides in various HPLC 
fractions by conventional automated sequencing of peptides 

15 eluted from class I molecules of the B type (Jardetzky, et 
al«. Nature 353:326 (1991) and of the A2.1 type by mass 
spectrometry (Hunt, et al.. Science 225:1261 (1992). A review 
of the characterization of naturally processed peptides in HHC 
Class I has been presented by RStzschke and Falk (RStzschke 

20 and Falk, Immunol. Today 12:447 (1991) • 

Sette et al., Proc. Natl, Acad. Sci. USA 86:3296 
(1989) showed that MHC allele specific motifs could be used to 
predict MHC binding capacity. Schaeffer et al., Prdc. Natl. 
Acad. Sci, USA 86:4649 (1989) showed that MHC binding was 

25 related to immunogenicity. Several authors (De Bruijn et al., 
Eur. J. Immunol . , 21:2963-2970 (1991); Pamer et al., 991 
Nature 353:852-955 (1991)) have provided preliminary evidence 
that class I binding motif s can be applied to the 
identification of potential immunogenic peptides in animal 

30 models. Class I motifs specific for a number of htunan alleles 
of a given class I isotype have yet to be described. It is 
desirable that the combined frequencies of these different 
alleles ishould be high enough to cover a large fraction or 
perhaps the majority of tfie human outbred population. 

35 Despite the developments in the art, the prior art 

has yet to provide a useful h;iman peptide-based vaccine or 
therapeutic agent based on this work. The present invention 
provides these and other advantages. 
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fm^^ ZNVENTiOK 
, J Present 
• coi^r^ J«*in9 binding iso^fs for MHC 

ClMs I i^lecuies, Th^ Ifflunpgehlc ^peptides ia^^t^ic^i 
S bet.e«, about 8 „d abo«t 11 reslduea ahd comprise cons Jed 
residues Involved in binding proteins encoded by the 
appropriate MHC allele. A nuaber of allele specific motifs 
have been identified. 

10 the K * T"" "'"^^^ «^-A3.2 comprises froB. 

10 the K-teminus to c-ter»inus a first conserved residue of L 
M, I, V, s. A, T and F at position 2 and a second conserved' 
residue Of K, R or y at the G-terminal end. Other first 
conserved residues are c, or D and alternatively i. other 
second conserved residues are H or F. The first and second 

15 conserved residues are preferably separated by e to / 
residues. 

to the C-tar»i„us . first co.«erv«l residue of x, s o^^ . 
secoM cans.™* re,4d»e of o or E, ^ . third Ibnserv^ 

Of V. Other second oonserved r^idies „e »,^1r T 

7^2n^ separated fro- the third conseirved residue by . to 

l^^: * """" --i"*- « . first <»„se^L 

residue of E or D . secoM conserved residue of 4 \*,ere 

TLSl"" „e separeted "Tto 

to the r ^""^""^ coiprtses fion the M-ierminus 

to the C-tenOnus a first conserved resi&e of T or V at 
position 2 and a c-ter»lnal conserved residue of first 

Tt::^:—^ — ^ separated";?:: 

t.™- ■ """^f' ^or HIA-A24.1 comprises froi the H- ' 

te^inus to the c-tersinus a first conserved resiSe Of V r 

» M in ' " * '^^^ reslau/of ; I 

W, M or L. The first and second conserved residues are 
preferably separated by « to 7 residues. 

Epitopes on a number of ooteni-iai 
can be identified in th," Potential target proteins 

^aentxfxed xn thxs Banner. Exaaiiies of suitable 



5 
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antigens include prostate specific antigen (PSA) , hepatitis B 
core and siirface antigens (HBVc, HBVs) hepatitis C antigens, 
malignant melanoma antigen (MAGE-1) Epstein-Barr virus 
antigens, human immunodeficiency type-1 virus (HIVl) and 
5 papilloma virus antigens. The peptides are thus useful in 
pharmaceutical compositions for both in vivo and ex vivo 
therapeutic and diagnostic applications. 

Definitions 

10 The term "peptide" is iised interchangeably with 

"oligopeptide" in the present specification to designate a 
series of residues, typically L-amino acids, connected one to 
the other typically by peptide bonds between the alpha*amino 
and carbonyl groups of adjacent amino acids. The 

15 oligopeptides of the invention are less than about 15 residues 
in length and usually consist of between about 8 and about 11 
residues, preferably 9 or 10 residues. 

An "immunogenic peptide" is a peptide which 
comprises an allele-*specif ic motif such that the peptide will 

20 bind the MHC allele and be capable of inducing a CTL response. 
Thus, immunogenic peptides are capable of binding to an 
appropriate class I MHC molecule and inducing a cytotoxic T 
cell response against the antigen from which the immunogenic 
peptide is derived. 

25 A "conserved residue" is an ajaino acid which occurs 

in a significantly higher frequency than would be expected by 
random distribution at a particular position in a peptide 
motif. Typically a conserved residue is one at which the 
immunogenic peptide may provide a contact point with the MHC 

30 molecule. One to three, preferably two, conserved residues 
within a peptide of defined length defines a motif for an 
immunogenic peptide. These residues are typically in close 
contact with the peptide binding groove, with their side 
chains buried in specif ic pockets of the groove itself. 

35 Typically, an immunogenic peptide will comprise up to three 
conserved residues, more usually two conserved residues. 

As used herein, "negative binding residues" are 
amino acids which if present at certain positions will result 
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^'^f>.l^i**f^?^4^9^9 «os|,i,,4er^,o^ bi^^ and in turn fall 

to induce a CTL response despite the presence of t^e 
. within tlie peptide 

5 in rPepJlde Of defined 1^^^^ 

-i.o acids, whi^ is recpgnized a pa^icular ^^"1^1" 
The pej^4e .otifs are typically different for each h^^c 

" In.. . ""^^^ defined with 

increasing degrees of precision. i„ on. case, all of 
conserved residues are present in the correct posit 11^ 
peptide and there a.e no negative hinding resid::s p'::^^^^^^^ " 
The phrases "isolated" or "h+^i^-- 

there are trac« . homogenous or dominant band, 

-'^^^^^ cont:aminaots in the range of 5-10* of 
protfein which co-purifv with *.ho ^ * ! native 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a flow diagram of an HLA-A purification 

scheme. 

5 Fig. 2 is an SDS-PAGE analysis of affinity purified. 

HLA-A3.2 from the cell line EHM using an affinity coliunn 
prepared with the mAb GAP A3 coupled to protein A-Sepharose. 
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Fig. 3 shows reverse phase high performance liquid 
chromatography (RP-HPLC) separation of HLA-A3 acid eluted 
20 peptides. 

Fig. 4 shows binding of a radioactively labeled 
peptide of the invention to HHC molecules as measured by the % 
bo\ind radioactivity. 

Fig. 5 shows inhibition of binding of a peptide of 
25 the invention to MHC molecules in the presence of three 

peptides [HBc 18-27 (924.07), a Prostate Specific Antigen 
peptide (939.01), and HIV nef 73-82 (940.03)]. 

Fig. 6 shows the dependency of the binding on HHC 
concentration in the presence or absence of P2 microglobulin. 
30 Fig. 7 shows dose dependent inhibition of binding 

with the addition of unlabeled peptide. 

Fig. 8 Scatchard Analysis of binding to MHC All 
confirming an apparent Kp of 6nM. 

Fig. 9 shows the binding of a radioactively labeled 
35 peptide of the invention to MHC Al as meastured by % bound 
reactivity. 

Fig. 10 shows dose dependent inhibition of binding 
with the addition of unlabel d peptide. 



WCI 94/03205 



PCT/US93/0742I 



> a V . v^ .1^ c^HrMM^y^^.m^^is of binding to HHC Al 
confirming an apparent Kd f 2lnMy^ /a , 

Fig. 12 shows the binding of two peptides of this 

5 by * bound reactivity. 

Fig. 13 ^hows the dose dependent inhibition of 
binding to MHC A24 with the addition of unlabeled peptides 

"^"^ Scatchard Analysis of 

bidding to MHC A24 of the two peptides confirming a K, of 3o 
10 and 60nM, respectively. ^ oz 30 

B nLar.., l^^l ^"""^^ ^he effect on MHC class i molecules of 
^.microglobulin and a peptide of choice on acid-stripped pha 

,^ " ^^^fs CTI- induction using GG43 A2 1 

responders and autclogpus acid-stripped PBMC6 c^r ph;^ blasts 
loaded With the 777,03.924.07.927.32 peptide pool^ 

..^on.^s'^-^mrL 

.0 ------ -ding With the ic. 04.044. o:^::r - 

Fig. 18 shows CTL induction using CC4« A2 i 
ItwT' stripped PHA blasts as 

stimulators after loading with 939. 03, peptide. 

Fig. 19 shows CTL induction usino GCfifi ai ^ 

loading of peptide 938,01. 

Fig. 20 illustrates the Ivsis n»»4.4^ 

peptide J'L^m:^ ' " ^o,e„i; 

peptide J1n,M3"~° " -<^P-- to „ 
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Fig. 25 shows a CTL response tio an immiinogenxc 
peptide for HBV/Al. 



DESCRIPTION OF THE PREFiEKRED EHBODIHENTS 
5 The present invention relates to the determination 

of allele-specif ic pept^-de motifs for human Class I HHC 
(sometimes referred to as HLA) allele subtypes. These motifs 
are then used to define T cell epitopes from any desired 
antigen, particularly those associated with hvimsm viral 

10 diseases or cancers, for which the amino acid sequence of the 
potential antigen targets is known* 

Epitopes on a number of potential target proteins 
can be identified in this manner* Examples of suitable 
antigens include prostate specific antigen (PSA) , hepatitis B 

15 core and surface antigens (HBVc, HBVs) hepatitis C antigens, 

Epstein-Barr virus antigens, melanoma antigens (e.g., HAGE^l) , 
human immunodeficiency virus (HIV) antigens and human 
papilloma virus (HPV) antigens. 

Peptides comprising these epitopes are synthesized 

20 and then tested for their ability to bind to the appropriate 
MHC molecules in assays using, for example, purified class I 
molecules and radioiodinated peptides and/ or cells expressing 
empty class I molecules by, for instance, immunof luorescent 
staining and flow microfluorimetry, peptide-dependent class I 

25 assembly assays, and inhibition of CTL recognition by peptide 
competition. Those peptides that bind to the class I molecule 
are further evaluated for their ability to serve as targets 
for CTLs derived from infected or immunized individuals, as 
well as for their capacity to induce primary jjQ vitro or in 

30 vivo CTL responses that can give rise to CTL populations 
capable of reacting with virally infected target cells or 
tumor cells as potential therapeutic agents. 

The HHC class I antigens are encoded by the HLA-A, 
B, and C loci. HLA-A smd B antigens are expressed at the cell 

35 surface at approximately equal densities, whereas the 

expression of HLA-C is significantly lower (perhaps as much as 
10-fold lower). Each of these loci have a number of alleles. 
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The peptide binding ,,^^4fs of the invention ire relatively 

specific for each allelic subtype. 

f Peptlde-based'i^ines, tiie the 
P^sent 4wn%ion.*ref e«U^ %ca#rise a motif r;;&ognized ah 
MHC I aolfecule having a widfe distribution in the human 
population. Since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choice of target MHC allele may depend upon the target 

r^r^'fr; ' frequency of various alleles at 

the HIA-A locus products among different races. Por instance. 



the majority of the Caucasoid population can be covered by 
peptides Which >,ind to f our HLA-A allele subtypes 
specifically HIA.A2.1, Al, A3.2, and A24.1. Similarly, the 
Ik 'VZ' '' °' population is encompassed with tLe 

15 addition o.^ peptides binding to a fifth allele HLR-All 2 



\ 
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TABLE 1 



A Allele/Subtvpe Nr69^* 



10 



15 



20 



25 



30 



35 



40 



45 



Al 
A2.1 
A2.2 
A2.3 
A2.4 
A2.5 
A3.1 
A3. 2 
All.l 
All. 2 
All. 3 
A23 
A24 
A24.2 
A24.3 
A25 
A26.1 
A26.2 
A26V 
A28.1 
A28.2 
A29.1 
A29.2 
A30.1 
A30.2 
A30.3 
A31 
A32 
AW33.1 
AV33.2 
A%f34.1 
AW34.2 
AV36 



10.1(7) 
11.5(8) 
10.1(7) 
1.4(1) 



1.4(1) 
5.7(4) 
0 

5.7(4) 
0 

4.3(3) 
2.9(2) 



1.4(1) 
4.3(3) 
7.2(5) 

10.1(7) 
1.4(1) 
1.4(1) 

10.1(7) 
8.6(6) 
1.4(1) 
7.2(5) 
4.3(3) 
2.8(2) 
8.6(6) 
2.8(2) 
1.4(1) 

14.5(10) 
5.9(4) 



Af54) 

1.8(1) 
37.0(20) 
0 

5.5(3) 



0 

5.5(3) 
5.5(3) 
31.4(17) 
3.7(2) 

27.7(15) 



9.2(5) 
3.7(2) 

1.8(1) 

7.4(4) 
16.6(9) 



£15021 

27.4(138) 
39.8(199) 

3.3(17) 

0.8(4} 



0.2(0) 
21.5(108) 
0 

8.7(44) 
0 

3.9(20) 
15.3(77) 



6.9(35) 
5.9(30) 
1.0(5) 

1.6(8) 

7.5(38) 

1.4(7) 

5.3(27) 

4.9(25) 

0.2(1) 

3.9(20) 

6.9(35) 

7.1(36) 

2.5(13) 

1.2(6) 

0.8(4) 



50 



Table compiled from B. DuPont, Immunobioloav of mj< ^ vol. 
I, Histocompatibility Testing 1987, Springer-Verlag, New York 
1989. 

* H - negroid; A « Asian; C = caucasoid. Numbers in 

parenthesis represent the number of individuals included in 
the analysis. 

The nomenclature used to describe peptide compounds 
follows the conventional practice wherein the amino group is 
presented to the left (the N-terminus) and the carboxyl group 
to the right (the C-terminus) of each amino acid residue. In 
the formulae representing selected specific embodiments of the 
present invention, the amino- and carboxyl-terminal groups, 
although not specifically shown, are in the form they would 
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- ^^^f^ m^k>^im m^mix^i uiii^te mki^m specified 

generally r^es^ed bj^ st^dard tto^e? r^tt^ ^ si^^^ 
letter designations. The L-f ra of ah amino acid residue is 
represented by a capital single letter or a capital first 
letter of a three-letter symbol, and the D-fora for those 
amino acids is represented by a lower case single letter or a 
lower case three letter symbol. Glycine has no asymmetric 
carbon atom and is simply referred to as -Gly" or G. 

The procedures used to identify peptides of the 
present invention generally follow the methods disclosed i„ 
Falk et al., MatHES 351:290 (1991), which is incorporated 
herein by reference. Briefly, the methods involve large-scale 
isolation of MHC class I molecules, typically by 
Immunoprecipitation or affinity chromatography, from the 
appropriate cell or cell line. Examples of other methods for 
isolation of the desired MHC molecule equally well known to 
the artisan include ion exchange chromatography, lectin 
chromatography, size exclusion, high performance ligand 
Chromatography, and a combination of all of the above 
techniques. 

p.rt.=uaarly «HC class l molecules, are Icnown „a reedlly 
available. Por exa^le, huMn EBV-tr.„sfor»ed B cell IW 
^ave been shown to he excellent sources for the preparative 
isolation of class I ^ class II MHO «,l.cules 
Hell-characteriied cell lines are available from private and 
co^ercial sources, such as American Type Culture loH^^!™ 
,.c«al^e Of cell .ines an. Hybriao«s,. .th^i«:;t.t, 
-^me, Harylan., „.s.,.,,. ^.tional i™,titute of IJZl 

hITLT:'"" "-""^ (HXC„s,.Hu.an 

«netic Mutant Cell Bepository, c«»Jen, HJ, and ASHI 

Repository, Bin^haB and Ho»en-s Hospital, 75 Francis stjr..t 
Boston, KA 0211S T.hi. i ^ '"ncis street, 

toy ,J "™* ' ='^1 suitable 

for use as source, for alleles. All of these cell iLs 

=" be ^own in large batches and are therefore useful for 
l«9e scale production of «hc «.lecules. one of skill „iu 
reco^ize that these are merely exenplary cell lines anl^t 
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many other cell sources can be employed. Similar EBV B cell 
lin s homozygous for HLA-B and HLA-C could serve as sources 
for HIA-B and HIA-C alleles, respectively. 



WO94/032(^ 



13 



10 



15 




A2.1 



MAT 
cox (9022) 
STEINLIN 
(9087) 



jy 



20 



A3. 2 



EHM (9080) 

H0301 0O55)GM31O7 



25 



A24.1 



KT3(9id7),TISl (9042) 



30 



All 



35 



40 



45 



SO 



BVR (6M6828A) 
NTIOO ..(GM8602) ,WTS2 
(GM8603) 



In the typical case, iinnxmoprecinli-^ 
Affinity columns prepared wlfch *.K J 

t.sh„i<p..s „e su^c^uu; irr ^^^^^ 

.11^. products '■"^'^ th. reswctiv. 

A, B, c BAbs, such « W6/32 and 89.12.1, and 
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one anti-HLA-B, C inAb, Bl.23.2, could be used in alternative 
affinity purification protocols as described in the example 
section below. 

TABLE 3 
ANTIBODY REAGENTS 



10 



15 




20 



25 



30 



HIA-Al 
HLA-A3 
HLA-11,24.1 
HLA-A,B,C 

nonomorph ic 
HLA-B,C 

nonomorph ic 



12/18 
6APA3 
All.lM 
W6/32 



(ATCC, HB122) 
(ATCC, HB164) 
(ATCC, HB95) 



B9.12.1 (INSERM-CNRS) 
B. 1.23. 2 (INSERM-CNRS) 



The peptides bound to the peptide binding groove of 
the xsolated MHC molecules are eluted typically using acid 
treatment. Peptides can also be dissociated from class I 

heat, pH, detergents, salts, chaotropic agents, or a 
40 combination thereof. 

Peptide fractions are further separated from the MHC 
molecules by reversed-phase high performance liguid 
Chromatography (hplc) and sequenced. Peptides can be 

« the artxsan, including filtration, ultrafiltration 

electrophoresis, size chromatography, precipitatio^ with 
specific antibodies, ion exchange chromatography 
isoelectrof causing, and the like. 
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^ . ^Otfi^r^i^^tfiod^ Suitable fo^ seqH mc4lig^4i»<iltid^^a^^ 
5 speetrdme^ s^encing of inaiyidua^ peptides a« previously 
descrit^d (Hunt, et al.,,ficifincfe 225:1261 (1992), which is 
incorpoifated herein by reference) , Amino acid sequencing of 
bulk heterogenous peptides pooled HPLG fractions) from 

different class l molecules typically reveals a characteristic 
10 sequence iotif for each class I allele. 

Definition of motifs specific for different class I 
alleles allows the identification of potential peptide* 
epitopes from an antigenic proteip whose amino acid sequence 
is known. Typically, identification of potential peptide 
15 ^itop^s^ i^ initially catried out «sing a computer to scan the 

Z^l '^^^^^ * <»««i'^f<i antigen for the pres^ce of 
motifs. - The epitopic sequences are then syntiiesiied. The 
capacity €o bind MHC Class>lecules is measured in a. variety 
Of different ways. One «eans is a Class 1 molecular binding 
20 assay as ^described in Example lo/ below. Other alterhattve! 
de««:ibed. in the literature include inhibition of , antig^ 
presentation (sette, et al., J. Ij^m} 141:3893 (i$9i|, ^ 
assembly assays (^ownsend, et al., £^ 62:285 of 

5 ^nilT '^"^ «Us, such as HM^r^' 

(Melief, et al., E«r. J. TiUPITinU 21:2963 [1991]). 

bindln- ''^^ peptides that test positive in the MHC class I 
binding assay are assayed for the ability of the peptide^ to 
induce specific CTL responses in vitr.. Fc. instLce/ 
antigenrpresenting cells that have been . incubated with a 
peptxde can be assayed for the ability to induce CTL responses 
;^nZl Tir" Ahtigen-presenting c.l 

dL^lTti ,\ """^^ peripheral blood mononuclear ceul^r 

Bor L " ^-^^^ 1«6:182 (1987); 

Boqg> £qr, jr. Tpn^mol- 18:219 (1988]). 

defl.^ . Alternatively, mutant mammalian cell ii„es that are 
defxcxent in their ability to load class I molecules wit^ 
xnternally processed peptides, such as. the mouse c.ii 
RMA.s. (K^e, et al.. 319:675 (1986); Ljunggren^et 
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Eur. Jt Iinm^npl. 21:2963-2970 (1991)), and the human 
sonatic T cell hybridona, T-2 (Cerundolo, et al.. Nature 
345:449-452 (1990)) and which have been transfected with the 
appropriate human class I genes are conveniently used, when 
5 peptide is added to them, to test for the capacity of the 
peptide to induce in Yitr9 primary CTL responses, other 
eukaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines ccL 
125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 8851), 
10 armyworm (ATCC CRL 1711), moth (ATCC cCL 80) and Drosophila' 
cell lines such as a Schneider cell line (see Schneider i. 
BmhrVPl. m>, MorphPl. 27:353-365 tl927]). That have been 
transfected with the appropriate human class I MHC allele 
encoding genes and the human Bj microglobulin genes. 

Peripheral blood lymphocytes are conveniently 
isolated following simple venipuncture or leukapheresis of 
normal donors or patients and used as the responder cell 
sources of CTL precursors. In one embodiment, the appropriate 
antigen-presenting cells are incubated with 10-100 /iM of 
peptide in serum-free media for 4 hours under appropriate 
culture conditions. The peptide-loaded antigen-presenting 
cells are then incubated with the responder cell populations 
^ " '^ ^ ^^'^ t° 10 days under optimized culture conditions. 

Positive CTL activation can be determined by assaying the 
cultures for the presence of CTLs that kill radiolabeled 
target cells, both specific peptide-pulsed targets as well as 
target cells expressing endogenously processed form of the 
relevant virus or tumor antigen from which the peptide 
sequence was derived. 

Specificity and MHC restriction of the CTL is 
determined by testing against different peptide target cells 
expressing appropriate or inappropriate human MHC class I 
The peptides that test positive in the MHC binding assays and 
give rise to specific CTL responses are referred to herein as 
35 immunogenic peptides. 

The immun genie peptides can be prepared 
synthetically, or by rec mbinant DNA technology or isolated 
fr m natural sources such as whole viruses or tumors. 
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neutral (»„ch«,ed, f or«^ or 1„ for», vBich .r* «iS L 

eltlHur fr«. Of «dm=.tlon. such « glycoivutl™ :h 
ci-tlon. or p>„sphcr,l.tlo, or conJlI^^^' 

"odifieations, subject to the condition that the nodf« 
1« not dertroy the biolo,icl activity of tr«^!!ff 

hteeln described, Jr i «e polypeptides as 

Desirably, the peptide win be as sMU as Bo„<K, 
vhile stlU «lntalnl„, .ubst«,ti,liy all if So w^, 

.ctiVlty Of the l^e peptide. When p^^sl^L^t I" -I'"*' 
15 desirable to ^tjl^se peptides of the InV^^^i;,'!"?,^^ , 
' or 10 «ino acid r^idues, co-.ensur.te iri sUe with °' 
e«,o,enously p^cessed Vl-1 ^idee or tui«^ a^i" 2„t« 
that are bound tp hbc class X ^lecule. on the c" 1 

Peptides bayina the desired ictl*..^*^^^^ ^^ 
=a « necessary to provide ^rtain dLtedi:^^ 1 T"'"" 
improved phaniiaeoi . . . «^«»«tes, e.g.. 



35 



i^ed ph.r*aco^p,l„\^™ns"tS:'S' 

■ :«ivit ^---^-^^ - of";hr'bi:i^:r"' - 

«*.VA activate tne appropriate T eeri »^ ^ 
the peptides «y be subject to Lious cl^ ::ch^*^"' 

vai, lie, Oir*r^^L? r '"^ 

teS; and jSe, Tyr. The effl^t „^ ' ' ^> 
substMrtu- ^ ' "ino acid 

mibstitutwns may also be probed neli.» f> . • 

»«iificat^ons «y be «de L„rv«l^^"^r-- 
procedures, as described In . a ^^7^,^* ' "^^^^^ 
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Meienhofer, eds. (N.Y., Academic Press), pp. 1-284 (1979); and 
Stewart and Young, Solid Phase pentid«» fivn^no..^p, (Rockford, 
111., Pierce), 2d Ed. (1984), incorporated by reference 
herein. 

5 The peptides can also be modified by extending or 

decreasing the compound's amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 
10 that certain amino acid residues essential for biological 

activity, e.g., those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non-critical amino acids 
need not be limited to those naturally occurring in proteins 
such as L-a-amino acids, or their D-isomers, but may include' 
non-natural amino acids as well, such as 6-7-tf-amino acids, as 
well as many derivatives of L-o-amino acids. 

Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 
electrostatic charge, hydrophobicity, etc. on binding. For 
instance, a series of positively charged (e.g., Lys or Arg) or 
negatively charged (e.g., gIu) amino acid substitutions are 
Bade along the length of the peptide revealing different 
patterns of sensitivity towards various MHC molecules and T 
25 cell receptors, m addition, multiple substitutions using 
small, relatively neutral moieties such as Ala, Gly, Pro or 
similar residues may be employed. The substitutions may be 
homo-oligomers or hetero-oligomers. The number and types of 
residues which are substituted or added depend on the spacing 
necessary between essential contact points and certain 
functional attributes which are sought (e.g., hydrophobicity 
versus hydrophilicity, . increased" binding affinity for an MHC 
molecule or T cell receptor may also be achieved by such 
substitutions, compared to the affinity of the parent peptide, 
m any event, such substitutions should employ amino acid 
residues or other molecular fragments chosen to avoid for 
example, steric and charge interference which might disrupt 
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Amin acid . sji^tituti ns are typlcaliv ^- , 
residues. SubsUtuti S^, ^eletW. j^^^!^^ "'^^ 
-^^-^^i^Weor .ay be co^Slf^^ I 

one Residue of a peptide has been re^^^ TlT.. 
are Mde In accordance with the followlno Tahio ^ ! . 
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Pr i q i na l Rgs1<lMP Exennlarv Subst-, i t ut j ffn 



Ala 


ser 


Arg 


lys 


Asn 


gin; his 


Asp 


glu 


Cys 


ser 


Gin 


asn 


Glu 


asp 


Gly 


pro 


His 


asn; gin 


He 


leu; val 


Leu 


lie; val 


Lys 


arg 


Met 


leu; ile 


Phe 


net; leu; tyr 


Ser 


thr 


Thr 


ser 


Trp 


tyr 


Tyr- 


trp; phe 


Val 


ile; leu 
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5«^?tJS°Hi«H<>°= cell ^eceRtors) '«r€'*ides% ^el^cking 
1 i!S^^^|"H^"^ ,aaie J.e«« . cofifteryatl^^-tto tixbse in Table 

f ef^ec^ on maintaining (a, ia»e structure Cf the peptide 
bacgcbon^ Ij, the area of the substitution, for example as a 
sheet or helical confonnation, (b) the charge or 
hydrophobipity of the molecule at tha target site or (c) the 
bulk Of the side Chain. The substitutions which in gener^ 
are expected to produce the greatest changes ih jieptlde 
properties will be those in which (a) hydrophilic residue 
e.g. seryl is substituted for (or.by, a hydrophobic ^esi^ue, 
e.g leucyl, isoleucyl, phenylaianyl, valyi or alanyl; (b) a 
residue having an eleptropositive side chain, e^gV^Jl 
arginja, h^^idyl, is substituted for (or by) \n 
elec^onegatiye residue, e.g. glutamyl or aspartyl; or (c) a 
"^^^^^ ^ ^ «i4e Chain, e.g. phenylalLi.:: is 
-^ti^ for (or by, one not living a side ^ain, e.g.. 



" ieosteres of two or 

^yas^d^e, in the imm^nogenic peptide. Ah isostere as 

S^S^^^ : -sid.^ that can be 

substituted a second sequence becatise the steric 

5 11^1^"^°" sequence fits a binding site 

SS^S^iTf Edification, well IcnoW^^o^se 

^^Iwdf^i^* ^-=^ »°-i^i--ions include ,.bdifi<iations 
or tne amide nitrogen, the a-carbon, amide carbonvi ^« i 
r^^t o. 

oacjcbone crosslinks — 

w . SS£, ssnsraily, Spatola, ChMnistrv »nH 

" of^sayed in a nxinber of vave L 

various Moio,i«x ^-.s^lt:::::; t^^^- 
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Eur, J. Drug Metab Phannacokin. 11:291-302 (1986). Half life 
of the peptides of the present invention is conveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows. Pooled human serum (Type AB, 
non-heat inactivated) is delipidated by centrifugation before 
use. The serum is then diluted to 25% with RPMl tissue 
culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% aqueous 
trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by re versed-phase HPLC using 
stability-specific chromatography conditions. 

The peptides of the present invention or analogs 
thereof which have CTL stimulating activity may be modified to 
provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhanced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. Particularly preferred immunogenic 
peptides/T helper conjugates are linked by a spacer molecule. 
The spacer is typically comprised of relatively small, neutral 
molecules, such as amino acids or amino acid mimetics, which 
are substantially uncharged under physiological conditions. 
The spacers are typically selected from, e.g., Ala, Gly, or 
other neutral spacers of nonpolar amino acids or neutral polar 
amino acids. It will be understood that the optionally 
present spacer need not be comprised of the same residues and 
thus may be a hetero- or homo-oligomer. When present, the 
spacer will usually be at least one or two residues, more 
usually three to six residues. Alternatively, the CTL peptide 
nay be linked to the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 
peptide either directly or via a spacer either at the amino or 
carboxy terminus of the CTL peptide. The amino terminus of 
either the immunogenic peptide or the T helper peptide may be 
acylated. 
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^ - , -.^ aysimsOi^^ include in 

t&e ifi^4hti©n-^^ least ne 

Xi3m against viral antigens. For example, pauiitic acid 
residues can l>e attached to the alpha and epsiloh aWino groups 
of a Lys residue and then linked, e.g., via one or tiore 
linking residues such as Gly, Gly-Gly-, Ser, Ser-Ser, or the 
like, to an immunogsnic peptide. The lipidated peptide can 
then be injected directly .in a aicellar fona, incorporated 
into a liposome or «aulslf ied in an adjuvant, e.g. , incomplete 

in. a preferred embodiment a particularly 
effective immunogen comprises palmitic acid AttiJched to alpha 
and epsilon amino grpups of Lys, which is attad^^^ via 
linkage, e.g., Ser-Ser, to l^ie amino tenaihus of tie 
immunogenic peptide. 

^f^. Wther e^le. Of lipid primii,^ of CTL responses. 
El 901 i lipoproteins, quch as 

tripaljdtoyl-s-glycerylcysteinlyseiTl-serine baCSS can be 
used to prim^ virus specific cn. when covaiently attached to 

S... Deres et al., 342:561-564 
(19«9), incon.orated herein by reference: Peptides of the 
invention can be coupled to P3CSS, for example, and the 
lipopeptide administered to an individual to specifically 
prime a CTL response .^o the. target antigen. Further, as the 
induction Of neutralizing antibodies can also be primed with 
P3CSS conjugated to ^ peptide which displays an appropriate 
epitope, the two compositions can be combined to more 
^fectively elicit both humoral and cell-mediated responses to 

^ in addition, additional amino acids dan be added to 

the tenainx of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support or 
larger peptide, for modifying .the physical or ch^ical^ 
l^'^l °' the peptide or oligopeptide, 6r the like. Amino 
acid lysine, glutamic or aspartil 

Tt t " 1 ^ introduced at the c- or N-terml^ 

Of the peptide or oligopeptide. Modification at the c 
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terminus in some cases may alter binding characteristics f 
the peptide. In additi n, the peptide or olig peptide 
sequences can differ from the natural sequence by being 
modified by terminal-NHj acylation, e.g., by alkanoyl (Cj-Cjo) 
or thioglycolyl acetylation, terminal-carboxyl amidation, 
e.g., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example, 
Stewart and Young, SPlid Phase Peptide «V^^h— 1' 2d. ed.,' 
Pierce Chemical Co. (1984), supra . 

Alternatively, recombinant DNA technology may be 
employed wherein a nucleotide sequence which encodes an 
iamunogenic peptide of interest is inserted into an expression 
vector, transformed or transfected into an appropriate host 
cell and cultivated under conditions suitable for expression 
These procedures are generally known in the art, as described 
generally. in Sambrook et al., MplecMlar nnnina. . t,k..,^^^. 
Manual, Cold spring Harbor Press, Cold Spring Harbor, New York 
(1982), which is incorporated herein by reference. Thus 
fusion proteins which comprise one or more peptide sequences 
Of the invention can be used to present the appropriate T cell 
epitope. 

As the coding sequence for peptides of the length 
contemplated herein can be synthesized by chemical techniques, 
for example, the phosphotriester method of Matteucci et al 
J. Am. Chf Ul. Por, 103:3185 (1981), modification can be made" 
simply by substituting the appropriate base(s) for those 
encoding the native peptide sequence. The coding sequence can 
then be provided with appropriate linkers and ligated into 
expression vectors commonly available in the art, and the 
vectors used to transform suitable hosts to produce the 
desired fusion protein, a number of such vectors and suitable 



,,Wp 94/03205 



PCr/US93/0742I 



25 



V,- ^im^^m^m' AVsailia»|Le,x ^^:^3^^^^6tt'Wf the fusion- 

F^cJ^^if ^B^^t^im>^^v$3^hm^iasfvmd^yimi operably 
: ,T .S^^I.?*=9P ppdpus* lar^toer iS^tkrMmAor regions 

vector for expression in , the desired cellular host. Por 
example, promoter sequences compatible with bacterial hosts 
are provided in plasmids containing convenient restriction 
sites for insertion of the desired coding scenes. The 
resulting expression vectors ftrf transformed into suitable 
bacterial hosts, of course, yeast or mammaliah cell hosts may 
also be used, employing suitable vectors and edhtrol 
sequences . 

The peptides of the present invention ahd 
Pharmaceutical and vaccine compositions thereof ire useful for 
^^^'^^^^f^^^ipn to BWls, pj^icuiarl^*? hufians, to treat 
and/or prevent viral infection, *nd cancer, mmpl^ of 
diseases which can ^.|reated,using the Immii^ 
Of the invention include prostate cancer, hepiiltls 1 
hepatitis c, AIDS, renal carcinoma, cervical carcinomi 
lymphoma, CMV and condlyloma acuminatum. '/ ' 

^ P»»'™°e«^«?al cprnjositions, the i^ 

rS2d3' 1,"^: invention.ere administered ^ an individual 
already suffering from cancer or infected with lie virus of 
in^Sr* incubation phase or the acute phase of 

infection can be ^eated with the immunogenic peptides 
separately or in con jiwotiqn with other treatments 
a^Inlst^: . applications, compositi^ne are 

e^e^ir^ ' sufficient to elicit an 

effective CTL response to the virus or tumor antigen and to 

cure or at least partially arrest symptoms ahd/or 
explications. An amount adequate to accomplish this is. 
defxned as -therapeutically effective dose." Amounts 
effective for this use will depend on, e.g., th4 peptide 
composxtion, the manne. of administration, the stSfand 

state health of the patient, and the judgmerit of the 
prescribing Physician, but generally range for the initial 
i-unxzation (that is for therapeutic or prophylactx^ 
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adininistrati n) from about 1.0 /xg to ab ut 5000 ftg of peptide 
for a 70 kg patient, followed by boosting dosages of from 
about' 1.0 fig to about 1000 ftg of peptide pursuant to a 
boosting regimen over weeks to months depending upon the 
patient's response and condition by measuring specific CTL 
activity in the patient's blood. It must be kept in mind that 
the peptides and compositions of the present invention may 
generally be employed in serious disease states, that is, 
life-threatening or potentially life threatening situations. 
In such cases, in view of the minimization of extraneous 
substances and the relative nontoxic nature of the peptides, 
it is possible and may be felt desirable by the treating 
physician to administer substantial excesses of these peptide 
compositions. 

For therapeutic use, administration should begin at 
the first sign of viral infection or the detection or surgical 
removal of tumors or shortly after diagnosis in the case of 
acute infection. This is followed by boosting doses until at 
least symptoms are substantially abated and for a period 
thereafter. In chronic infection, loading doses followed by 
boosting doses may be required. 

Treatment of an infected individual with the 
compositions of the invention may hasten resolution of the 
infection in acutely infected individuals. For those 
individuals susceptible (or predisposed) to developing chronic 
infection the compositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection 
Where the susceptible individuals are identified prior to or 
during infection, for instance, as described herein, the 
composition can be targeted to them, minimizing need for 
administration to a larger population. 

The peptide compositions can also be used for the 
treatment of chronic infection and to stimulate the immune 
system to eliminate virus-infected cells in carriers. It is 
important to provide an amount of immuno-potentiating peptide 
in a formulation and mode of administration sufficient to 
effectively stimulate a cyt toxic T cell response. Thus, for 
treatment of chronic infection, a representative dose is in 
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^^'^^^^'' '^'^^ ^^^^^^^^ preferably about 5 

> ^l<^ed^Pe|^od Of fel«a to effeeti^ly i^i,,^^ 

individual, in thecase of chronic infection, administration 
Should continue until at least clinical sy-pt^^ or ^1^"'^! 
tests indicate that ^e viral infection h^Tbeen eli^i^" 
substantially abated and for a period thereaft" "'"^"'""^ 

'^^^J^'Mnaaceutical conpositions for therapeutic 
treatment are Intended for parenteral, topici.1 bral or , n 
administration. Pref«-^,hw *k oral or local 

; ; -P "r^™* *'rererably, the pharmaceutical f n^r.^i*.- 
are administered parenterallv « * compositions 
=W>4>iv,v * Wenteraily, e.g., intravenously, 

^cu^ec^^y^ intur^^e^^ 

lotion prpv^^ c^^^i,,,^^ aLni^^t!^ 
^ c<«prise a solution o immunogenic peptiS^ 

°^,^»?Pended,i^^ acceptable carrlL 7 J 
i^feii^s ciirrier a varietv o*- carrier, preferably an 

e «i i,.^ A variety of aqueous clirriers may be used 

0.9* saline, 0.3* giyli|! ' 
hyaluronic acid and the like. These onnL^^ ^ ^' 
We^-rrf,;;!* 1. ' Tnese compositions may be 

- ,9=ny«tio«l, wen tao«, Bt.rlUz.tl6„ 
techniques, or may be step^io ^4^4. ^ - 

.gents the like, for ex«.ple, .odi J 

lactate, sodta chloride, potoseiu. ohlor^r^jj 

-Xoriae, .orhit^ .onol.^^, ^..^.L"^" . 

The concentration of CTL .ti«„i.i- 7^"''"- 
inWion i„ the fihar^ceutlcal^o^urtlo^ — 

i.a./^*o. x.i3 than .h„„£ , :r :^\T,r;tT 

" t. tach „ 2„ to S0» or,«re by^.'!! . 
.*l.ot^:i,rii„iXy by fluid volu^ vlseos^t; ' 
accord^nc. with -ode^^^ltL^-— " ' 



wo 94/03205 



PCT/US93/07421 



28 



The peptides of the invention may also be 
administered via liposomes, which serve to target the peptides 
t a particular tissue, such as lymph id tissue, or targeted 
selectively to infected cells, as well as increase the half- 
life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like, in 
these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 
which binds to, e.g., a receptor prevalent among lymphoid 
cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic 
compositions. Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid 
cells, where the liposomes then deliver the selected 
therapeutic/immunogenic peptide compositions. Liposomes for 
use in the invention are formed from standard vesicle-forming 
lipids, which generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol. The 
selection of lipids is generally guided by consideration of, 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream. A variety of methods are 
available for preparing liposomes, as described in, e.g., 
Szoka et al., Ann. Rev. BioDhvs. nir^^r^r^ 9.467 (isso) , u.'s. 
Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369, 
incorporated herein by reference. 

For targeting to the immune cells, a ligand to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell surface determinants of 
the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously 
locally, topically, etc. in a dose which varies according to, 
iiltSE alia, the manner of administration, the peptide being ' 
delivered, and the stage of the disease being treated. 

For solid compositions, conventional nontoxic solid 
carriers may be used which include, for example. 
Pharmaceutical grades of mannitol, lactose, starch, magnesium 
stearate, sodium saccharin, talcum, cellulose, glucose. 
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t°^m?H?"v4g 1. ri« J toy tocorpoi^atlhf any of rmally 

and gen^aily 10-95% of active ingredient, that i^V one or ' 
more peptides of the invention, and Bore preffe^^ibiy at a 
concentration of 25%-75%. 

For aerosol administration, the iaaunogenic peptides 
are praferably supplied in finely divided form along vi4 a 
surfactant and propellant. Typical percentages of peptides 
are 0 0U.20. hy weight, preferably U-m. sjfrc^t 
»ust, of pourse, be nontoxic, and preferably solt^ie i„ the 

partial esters of fatty acids containing froi 6 to i2 carbon 
^ su^^aa caproic, octanoic, lauric, palmitic, stearic, 
linpleic, linolenic, olesteric and oleic acids vi^iih an 
aUphatic polj^dric alqohol or its cyclic aii^ti^ vixed 
esters, SH^ as ^i^d or natural gly.erides^yS^,^:r 
The s^^factant may constitute 0.i%.20Vby weight of t^e 
composition, preferably 0.25-5%. The balance of the 
composition is ordinarily propellant. A carrier can al«o ^ 

in wpther, ,spect the prMent ihvmtlon directed 
^e=„.. vhich contain as an active in^i^ „ 
immunogenically effective amount of an 4i«»i«n««-«- 

host, includxn, „^„3, i^^,^ ^ o«n carri„ or .Ta 

■"-opolyBer or heteropolin«r of active p^tidi ™,its s^ch . 

Poly»er hae the advantage of Increased ulnb W«! J!? ' 
Where different peptides are ueed to ^..^^'^".t^" 

the additional a^^lty to i^uo. antibodle. ««^r^2;t 
^react with different antigenic deter.l„ant. if 4.i^T 
■t,-or cells, useful car^i-.rs are veil *no™ in the " 

albuain,^,^tonus toxoid, polyMOno adds such as ™° 

^l^"^'^"*^ hepatitis B virus core proietn 

hepatxtxs B virus reco^inant vaccine and the like, 
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vaccin s can also contain a physiologically tolerable 
(acceptable) diluent such as water, phosphate buffered saline, 
or saline, and further typically include an adjuvant. 
Adjuvants such as incomplete Freund's adjuvant, aluminum 
phosphate, aluminiim hydroxide, or alum are materials veil 
known in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P3CSS. Upon immunization with a peptide composition 
as described herein, via injection, aerosol, oral, transdermal 
or other route, the immune system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immune to later infection, or resistant to developing chronic 
infection. 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the 
patient's own immune response capabilities. Such an amount is 
defined to be an "immunogenically effective dose." m this 
use, the precise amounts again depend on the patient's state 
of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally range from about l.o 
Mg to about 5000 fig per 70 kilogram patient, more commonly 
from about 10 fig to about 500 /xg mg per 70 kg of body weight. 

In some instances it may be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope antigens. 

For thierapeutic or immunization purposes, the 
peptides of the invention can also be expressed by attenuated 
viral hosts, such as vaccinia or fowlpox. This approach 
involves the use of vaccinia virus as a vector to express 
nucleotide sequences that encode the peptides of the 
invention. Upon introduction into an acutely or chronically 
infected host or into a non-infected host, the recombinant 
vaccinia virus expresses the immun genie peptide, and thereby 
elicits a host CTL response. Vaccinia vectors and meth ds 
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^»v%»Wizat4 n,fii!otQcols M^<stih^ in, e.g.,u.s. 
Wlw BCS^ (flacilie.calBfet:fe^ <S26ri4^^ Sectors 

^**f??^: incprporated herein by reference . A uid^ variety of 
other vectors useful for therapeutic aduanistratiori or 
Irnnunization of the peptides of the invention, e.g., 
Salaigngna ^saOxL vectors and the like, will be aftia^ent to 
those skilled in the art from the description herein. 

Antigenic peptides nay be used to^ elicit CTL evvivo 
as veil. The resulting CTL, can be used to treat ChroniT^' 
infecn:lon8 (viral or bacterial) or tumors in patients that do 
not respond tp ether cpnventiprtal f orms of idieripy, or will 
^ respond to a peptide vacpine approach of therapy. £j£_vivo 
CTL responses to a particular pathogen ^infectious agentof"^ 

pl^L^'^'Sr' "^ "^^^ in tissue culture the 

patxent.s^CTL^prectur^or cells (CT^^^^^^ ^ith a source of 

p^-^'^-'''^ '^''' ^"^^^^ ^"'^^^i'^^^o^enic 
peptide. After an appropriate incubation tlkc^ (typijjallv 1-4 
weeks, , ^ ^i^ ^ and mat^?^"' • 

ii^o effector C^, the cells are infused ba<d^ Into St 
patient, whe^ they .rill destroy their specie' target cell 
(an infected cell or a tumor cell,, ih order to o^^imi" L 
^^^Zr^- - the generation Of specific^::^::^ 

ap^:;rS:e^!,r:e^n^^^^^ - - 

/^^^^ ^° incubation of the stimulate cells with th^ 
cens^to be activated, e.g.. Precursor c^a. oell.'^^^ 
Of antigenic p^tide is added to t^ stimulitoi: cilZe 

"iir 1 1 ^^^^ ^^ ^« Of th. stimulator 

b^^!d T " ''""'"^ invention, a sufficient amount of 
peptide is an apount that will allow about ^oo and nr!^ 
200 or more, hiiman Class Tmhc , , Preferably 

^ *»"«M»n yxass rMHC molecules loaded wifh r^^*-*^ 

to be exoresBed on 4-k« ^ " *^^th peptide 

expressed on the surface of each stimfiiator cell 
--^X.. tHe ....... _ inc^.a. 
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Resting or preciirsor CD8+ cells are then incubated in 
cultxire with the appr priate stimulator cells for a time 
period sufficient to activate the CD8+ cells. Preferably, the 
CD8+ cells are activated in an antigen-specific manner. The 
ratio of resting or precursor CD8+ (effector) cells to 
stimulator cells may vary from individual to individual and 
may further depend upon variables such as the amenability of 
an individual's lymphocytes to culturing conditions and the 
nature and severity of the disease condition or other 
condition for which the within-described treatment modality is 
used. Preferably, however, the lymphocyte: stimulator cell 
ratio is in the range of about 30:1 to 300:1. The 
effector/stimulator culture may be maintained for as long a 
time as is necessary to stimulate a therapeutically useable or 
effective number of CD8+ cells. 

The induction of CTL in vitro requires the specific 
recognition of peptides that are bound to allele specific MHC 
class I molecules on APC. The number of specific MHC/peptide 
complexes per APC is crucial for the stimulation of CTL, 
particularly in primary immune responses, while small Liounts 
of peptide/MHC complexes per cell are sufficient to render a 
cell susceptible to lysis by CTL, or to stimulate a secondary 
CTL response, the successful activation of a CTL precursor 
(PCTL) during primary response requires a significantly higher 
number of MHC/peptide complexes. Peptide loading of empty 
major histocompatability complex molecules on cells allows the 
induction Of primary cytotoxic T lymphocyte responses. Peptide 
loading of empty major histocompatability complex molecules on 
cells enables the induction of primary cytotoxic T lymphocyte 
responses. ^ 

HHC allele 'Tt ^° ^^^^ ^--n 

MHC allele, it xs advantageous to use a technique to remove 

endogenous MHC-associated peptides from the surface of APC 

followed by loading the resulting empty MHC molecules with 'the 

xmmunogenic peptides of interest. The use of non-transformed 

(non-tumor igenxc) , non-infected cells, and preferably 

autologous cells f patients as APC is desirable for ^e 

aesxgn of CTL induction protocols directed towards development 
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. ^irk'^?^^ t^a3^es,^,||is^appiicati»ft »iscii^es methods 
: W^?^ froa the 

V ■ ■ ■•*r^iiiSic complex 

fdrti^^of th^ fpupwing e^^^ 1) * peptMe usuall^^^^^^ - 

10 realdues, 2) a tyansmanibrane h«avy polymorphic protein 
chain Which bears the peptide-binding site in its ai and a2 
domains, and 3) a non-covalently associated non-polymorphic 
light chain, /?2microgle,bulin. Removing the bound peptides 
and/or dissociating the Microglobulin from the complex 
renders the «hc claps J molecules nonfunctional and unstable, 
resulting in rapid degradation. All mhc class 1 molecules 
isolated from PBMCs have endogenous peptides bound to them 
^er^f^^e, the first st^^s to r^ove .all endogenous peptides 
^und to HHC class X ^olepules on the apc w^out bausLg 
their degradation before e,,ogenous peptides can be added to 

ft* po^siiil. ways «p free up BBC 6W r fi^leculea 

^^^J^ '^'^ Pffi'W^ fc- tae ceil uiiiHg . 

"f^'- n-e ■,eth«.s releeee pre»iottsl* to4 
peptldee intone e«ra«llular, envircraert: allowttg new 
««.gehou. peptides to Slnd tp the ei«pty cUse I «,lLlee 
The ccw-te^ereture Incubation «thod enables «co^Ss 
peptides to bind efticiently to the HHC cpnple., b!t^^es 
^ overniw.t incubation at ,,.c «hich nay slow^e celHs 
-t^lic^rate. It is also liXely that cells not actiiely 
synthesxrlng HHC molecules (e,,., restin, PBMC, «^id 
^uce hi,h ..ounts o, ^ surface HHC nolecu J^te 
cold tenperature procedure. 

Harsh acid stripping involves extraction of the' 
peptides With trifluoroa^tic acid, p„ or acid dLt^ation 
Of the x™.unoaffi„ity purified class i-peptia. cc^pie^r 
These «thods are not feasible for CTL induction, sW u is 

Tr «r ^ " 0Pti«l »,Mibolic state which is eritllal 
for antigen presentation. Mild acid solutions of pH 3 suT's 
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glycine or citrate-phosphate buffers have been used to 
identify endogenous peptides and to identify tumor associated 
T cell epit pes. The treatment is especially effective, in 
that only the MHC class I molecules are destabilized (and 
associated peptides released) , while other surface antigens 
remain intact, including MHC class II molecules. Most 
importantly, treatment of cells with the mild acid solutions 
do not affect the cell's viability or metabolic state. The 
mild acid treatment is rapid since the stripping of the 
endogenous peptides occurs in two minutes at 4«c and the APC 
is ready to perform its function after the appropriate 
peptides are loaded. The technique is utilized herein to make 
peptide-specific APCs for the generation of primary 
antigen-specific CTL. The resulting APC are efficient in 
inducing peptide-specific CD8+ CTL. 

Activated CD8+ cells may be effectively separated 
from the stimulator cells using one of a variety of known 
methods. For example, monoclonal antibodies specific for the 
stimulator cells, for the peptides loaded onto the stimulator 
cells, or for the CD8+ cells (or a segment thereof) may be 
utilized to bind their appropriate complementary ligand 
Antibody-tagged molecules may then be extracted from the 
stimulator-effector cell admixture via appropriate means, 
e.g., via well-known immunoprecipitation or immunoassay 
methods . 

Effective, cytotoxic amounts of the activated CD8+ 
cells can vary between in vitro and in vivo uses, as well as 
with the amount and type of cells that are the ultimate target 
Of these killer cells. The amount will also vary depending on 
the condition of the patient and should be determined via 
consideration of all appropriate factors by the practitioner. 
Preferably, however, about 1 x lO^ to about 1 x lo« »,ore 
preferably about i x lO^ to about 1 x lo", and even'more 
preferably, about i x lo' to about 1 x 10^0 activated CD8+ 
cells are utilized for adult humans, compared to about 5 X 10« 
- 5 X 10' cells used in mice. 

Preferably, as discussed above, the activated CD8+ 
cells are harvested from the cell culture pridr to 
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5 Therefore, If c^l^ s»«ration of sttoaiift^ ciils .„h 

^ too™ to ,» ..Bo=l.tod With the .d,^i=tr.tion o^ 
s-U ™mber of stl™^tor cell,, .«lnietr.tlo^ 

Methods Of re-l„t«,lucl„, celluler coaponents 
'-^ in the ert „d Include prooedures such .. tiTe^ 
ejce-pllfied Ih U.S. Patent No. 4,844 .93 «" IT ° 

^. Patent HO. 4,«o,,is t« ::.':^;a" 

useful ee Po^entUl die^tlc „ t:«.pe^e ^Lt " 
re.,e»ts -e dle^^silc 

. t«.«.e„t re^rW^^lch e^ll^ft^e .^t™"" ^'"-"^ *° 
Peptides, ehd thus «y be helo^l or related 

treat^mt protocol , -oa«yln, « existing 

-.ected iLlvi^^ai .«^rL' 

to prediat «.ich i:^r:^t'„m ^^v:" ^° 

tor developln, chronic infection? «^«-ntial risk 

< , , . ^""""i"? examples are offered by wav o. 

Illustration, not by way of limitation. 

glass T nnMaen ^c^^ T'^lnp 
th^ appropriate allele wJf'L TV' 

yieldlna -5 X 10' cells) iL^T "^" (6-8 liters 

washed.^All cell H^es 1 ^ --trifugation and 

^ • * maintained in rpmt i^a^ ^. 

(Sigaa) supplemented with lo% f^fc,i w. • ° 

witn 10% fetal hovme serum (fbS) and 
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antibiotics. For large-scale cultures, cells were grown in 
roller bottle culture in RPMI 1640 with 10% FBS or with io% 
horse serum and antibiotics. Cells were harvested by 
centrifugation at 1500 rpm IEC-CRU5000 centrifuge with 259 
rotor and washed three times with phosphate-buffered saline 
(PBS) (0.01 M PO4, 0.154 M NaCl, pH 7.2). 

Cells were pelleted and stored at -70 'C or treated 
with detergent lysing solution to prepare detergent lysates. 
cell lysates were prepared by the addition of stock detergent 
solution [1% NP-40 (Sigma) or Renex 30 (Accurate Chem. Sci. 
corp., Westbury, NY 11590), 150 mM NaCl, 50 oM Tris, pH 8.0] 
to the cell pellets (previously counted) at a ratio of 50-100 
X 10 cells per ml detergent solution. A cocktail of protease 
inhibitors was added to the premeasured volume of stock 
detergent solution immediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 
produced final concentrations of the following: 
phenylmethylsulfonyl fluoride (PMSF) , 2 mM; aprotinin, 5 
/*g/ml; leupeptin, 10 /xg/ml; pepstatin, 10 nqfvil; 
iodoacetamide, 100 mM; and EDTA, 3 ng/ml. cell lysis was 
allowed to proceed at 4 'C for 1 hour with periodic mixing 
Routinely 5-10 x lo' cells were lysed in 50-100 ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at 4-c and 
subsequent passage of the supernatant fraction through a 0.2 a 
filter unit (Nalgene) . 

The HLA-A antigen purification was achieved using 
affinity columns prepared with mAb-conjugated Sepharose beads. 
Per antibody production, cells were grown in RPMI with 10% FBS 
xn large tissue culture flasks (Corning 25160-225) 
Antibodies were purified from clarified tissue cui;ure medium 
by ammonium sulfate fractionation followed by affinity 
chromatography on protein-A-Sepharose (Sigma) . Briefly 
saturated ammonium sulfate was added slowly with stirring to 
the tissue culture supernatant to 45% (volume to volume) 
overnight at 4-c to precipitate the immunoglobulins The 
precipitated proteins were harvested by centrifugation at 
10,000 x g for 30 minutes. The precipitate was then ^isLlved 
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. „ : ^ '^^m^m^^m^^.rms^ und^ W dlilVsis tubing 

. , <fP^ ^ .^...11 vfe, scut^ff i2^«»iye&i34^^o;b^ ^aana Medical 
Mfl^SiSaWas, Against PBS^ t^So-titoe^ ^S^p^ein 

clarified by ,^ent?rl£ugatioh (lo.OOO x g for 30 minutes) and 
the of thfi solution adjusted to pH 8.0 wltii in MaOH 
Protein-A-Sephvose (Sigaa) was hydrited according to ^e 
»«mufacturer.s instructions, and a protein-A-Sepharose column 

50-100 mg pf mouse IgCS. 

Tfce prqteln smpXe was iMded onto the prot.ln-A- 
Sepharos, splu™ usdjig a peristaltic pimp for large loaiing 

^°1>?" grayity for smaller volujMs (<100 

15 ooi™ «s .Its several «.luaes of Pii; .„a the eluate 

wee „„ltored at A2Sp to a spectrophotoMetef 4ui ^sVl^e 

The bound «,tibody was eluted using o i H olt... 

.=^a at suit^l. PB xadjusted to the .pp^rlate'pH^wlL « 
. ""J^' - W«e X«-l pa 6.5 was used for iiriU pi 4" ^ 

rr.,n^^ >'««i<»»» containing the 

r^K*"^ ^ were pool«i, ai.ly.ed .i^alLrPBS 

""in, an Aalcon stirred Ceu ^Tt^ 
£T^^ • The inti.A,*aZ:^ 

BB7.2, and the anti-A3 nAb, GAPA3 ar-*. r , 

affinity purification. : P-tlcularly useful for 

prepared J^'^'^Tf """^'^ "l-™" 
^apared with Mb^-conjugated sepharose beads. The afflnitv 

"i^ 7^ ^^ "^ ^'-^"»' P"tein-A-Saph^se"^ds 

-:r.--i-n-:i^-^^^^^^ 

the bound nAh ^ . covalently crosslink 

bou^d BAb to the protein-A-Sepharose (Schneider et al j 
BAaU-£tlll!U 257:10766 (1982). After incubation for 45 IZ. 
at room temoerai-ii^ ^ «»^Aon ror 45 mxnutes 

temperature on a rotator, the excess crosslinking 
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reagent was removed by washing the beads twice with 10-20 ml 
of 20 BM ethanolamine, pH 8.2. Between each wash the slurry 
was placed on a rotat r for 5 minutes at room temperature. 
The beads were washed with borate buffer and with PBS plus 
0.02% sodium azide. 

The cell lysate (5-10 x lo' cell equivalents) was 
then slowly passed over a 5-10 ml affinity column (flow rate 
of 0.1-0.25 ml per minute) to allow the binding of the antigen 
to the immobilized antibody. After the lysate was allowed to 
pass through the column, the column was washed sequentially 
with 20 column volumes of detergent stock solution plus 0.1% 
sodium dodecyl sulfate, 20 column volumes of 0.5 M Naci, 20 mM 
Tris, pH 8.0, and lo column volumes of 20 mM Tris, pH 8.0. 
The HLA-A antigen bound to the mAb was eluated with a basic 
buffer solution (50 mM diethylamine in water) . As an 
alternative, acid solutions such as 0.15-0.25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 
eluate (1/50) was removed for protein quantification using 
either a colorimetric assay (BCA assay. Pierce) or by SDS- 
PAGE, or both. SDS-PAGE analysis was performed as described 
by Laemmli (Laemmli, U.K., SsS^ 227:680 (1970)) using known 
amounts of bovine serum albumin (Sigma) as a protein standard. 

Allele specific antibodies were used to purify the 
specific MHC molecule. In the case of HLA.A2 and HLA.A3 mAbs 
BB7.2 and GAPA3 were used respectively. An example of SDS 
PAGE analysis of purified HLA-A3.2 molecules is shown in 
Figure 2. 

Figure 2 shows SDS-PAOE (12. 5») ansjysls of a££l„ity 

(10 Ml) was prepsrsd with protslh A-s.phaross beads coupled to 
the monoclonal antibody 0APA3 which is specific for HLA-A3 a 
detergent lysate of sxio' cells was passaged ovar the colu-n 
and the column was washed .Pensively. The bound HLA-A3 2 
molecules wer. .luted fro. -the column with 0.15„ .cetic acid, 
50 ml one .1 of the eluat. was r«,oved and lyophlli„d to 
concentrate the sample. The sample was taken up to 50 ,1 with 
L«m»ll sampl. buffer and 20 ,1 were loaded In lane 2. Je" 
contained m lecular walght standards: Myosin, 230 RD; 6- 
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S^^^^' ^^'^^^^ P?H?seh^U««.B, .97.4kD,-^^e serum 

• l«hfes 8/ lb ^g, 3 ;,g. and IP, l^g to kid in tlie'Wiiation 
Of protein yield. For this Particular HLX-A3i^ 
the festi^ated yield was approximately 112 ^g, 

Por HIA-Ali, A24.1 and Al, an . alternative protocol 
was used whereby anti-HLA-B and G monoclonal antibodies Ce 
used to deplete HIA-B and C molecules. 0*. remaihS^^ir 
^^l^'^^ ^''^ -in, the W./3.>^ .3 

indlc.^ Vw"^ ^^"^^''^ I expression as 

indicated by the results of immunof luorescent staining 
^lysls, it is anticipated that average yields of class I 
antxgen isolated from the EBV B cell lines will ! 
^0..120c y^ ,0^ eeU 

Exannl y g 

expressed by IflA^ ^ c 
allele mole«.les, but not by KTA-A. antigen.. Th. ^ \' , 
detects^.!! human cla.. i „pie,ules. Including HlA^'e^r; 
AS mentioned above, these mAbs react veil vit^ ie ^cel^ 

s^ing as sources of hia^ antigens^^^HAl^' 
reacts With lihe various human B cell iLs bu^^!^ V 
with a Mouse cell li^ i-^,^ but fails to react 

nroi-^r " . that expresses a transf ected imA-A2 i 

with the human cell line. ciR (Alexander, j., et al 

HLA-A and^^ft^i« , ^ l"89]) , that lacks expression of> 
«A A and B J»olecules, but expresses low levels of hla-c 

^iVP^ttern of reactivity ill^tr.t& S le 

a-Ve. ,be procedures .or the prepa^atioTirt:: r^t^ 
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columns are essentially identical to the procedures described 
£ r the preparation of the allele-specif ic nAb c lumns 
described above. The Bl.23.2 mAb affinity column was used to 
deplete the detergent lysates of Hia-b and C molecules using 
the protocol as described above. The cell lysate depleted of 
HIA-B and C was then passed over a W6/32 mAb affinity column. 
The MHC molecule that was eluted from this second passage was 
the A allele product. 

This alternative affinity purification is useful for 
the purification of any HLA-A allele product, and does not 
rely on the need for allele-specif ic mAbs. m addition, it 
could also be used to isolate any class l molecule type from 
transfected cell lines. 



Examnlft j 

Ipg l at i on ffnrt perp^gncing of naturaiw p^^ c :^ss^A i ^ortiTi-r 

For the HLA-A preparations derived from the base (50 
BM diethylamine) elution protocol, the eluate was immediately 
neutralized with l N acetic acid to pH 7.0-7.5. The 
neutralized eluate was concentrated to a volume of 1-2 ml in 
an Amicon stirred cell [Model 8050, with YM3 membranes 
(Amicon)]. Ten ml of ammonium acetate (O.oi M, pH 8.0) was 
added to the concentrator to remove the non-volatile salts 
and the sample was concentrated to approximately l ml. a ' 
small sample (i/50) was removed for protein quantitation as 
described above. The remainder was recovered into a is m 
polypropylene conical centrifuge tube (Falcon, 2097) (Becton 
Dickinson) . Glacial acetic acid was added to obtain a final 
concentration of io% acetic acid. The acidified sample was 
Placed in a boiling water bath for 5 minutes to allow for the 
dxssocxation of the bound peptides. The sample was cooled on 
xce, returned to the concentrator and the filtrate was 
collected. Additional aliquots of io% acetic acid (1-2 ml) 
were added to the concentrator, and this filtrate was pooled 
with the orxgxnal filtrate. Finally, 1-2 ml of distilled 
water was added to the concentrator, and this filtrate was 
pooled as well. 
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rtou^^..;, heavy 

...^i^ts^ ^r'm^W'^m'. m^^. t^mi^^ c&ni^ins the 

.. with 

Arterial Was lypj)hili2ed in . order tp concentrate taite peptide 
ftaCtioh. The s^le was thc» ready for further eirialysis. 

For HPLC (high performance liquid chronatdgraphy) 
separation of the peptide fractions, the lyophiliied sample 
was dissolved in 50 ^1 of distilled water> or into 0.1% 
trif ludracetic acid (TPA) (Applied Biosystems) in Water and 
injected to a C18 reverse-phase narrow bore column (feeckaan 
CIS Ultrasphere, 10 x ?50.mm), using a gradient system 
d66«:ibed by stone and WHllfa^ (Stone, K^. ^ Williams 
K.R.^ in, Macromolepular, Saqueiticipg and Synthesis; Selected 
Methods and Applications, A,R. Liss, «Jew York, 1988, pp. 7^24 
Buffer A was 0.06* OTA, in water ^^urdick-^acksdn) and buffer B 
was 0.052% TFA in 80% acet^nitrile ,(Burdicfc^3ackgbn) - The 
flow^^ate was 0.250 mlymin^te with the following gf^ient: o- 

min., 37.5-75% B; 95-10S^%ih., 75- 
98% B. The Gilson narrow bore HPLC configuratibh ii 
particularly useful for this purpose, although oth^ 
- ccihfigtirations work equally well. 

„ .. * ™^ Of peak, ware detected by absorlxmce 

•t 214 nm, Of whl,cl. appear to 1^ ,«f low abmaanSe 

r^idl ° 9iy«», P?al= ^preaenjts a ««gle ji^tide or 

. peptide .ixture wae not 4eter»lned. Pooled fr«ci&^ „^ 

^^«^todete^^,«aspeci^^^ 

Pooled peptide fraptions, prepared as described above 
««r. a™iy.ed by autoMted ^ se^encln, using the Applied 

^r«so a.y,loped by pehr Ed^ m 

the «50s for the sec^ential degradation of protains and 
pepttdee to deter,ine the s^^^ of the constituint aai„o 

12 «. 'I' """"^^ " '° =«J»««»=1 "« held by a 

12-™ di««ter porous glass fiber filter di«c in a heated 
«9on-pur,.d reaction cha^r. The filter was generally ;re- 
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treated with Bi Brene Plus™ and then cycled through one or 
ID re repetitions of the Edman reaction to reduce contaminants 
and ijnprove the efficiency of subsequent sample sequencing. 
Following the pre-treatment of the filter, a solution of the 
sample protein or peptide (10 pmol-5 nmol range) was loaded 
onto the glass filter and dried. Thus, the sample was left 
embedded in the film of the pre-treated disk. Covalent 
attachment of the sample to the filter was usually not 
necessary because the Edman chemistry utilized relatively 
apolar solvents, in which proteins and peptides are poorly 
soluble. 

Briefly, the Edman degradation reaction has three 
steps: coupling, cleavage, and conversion. In coupling step, 
phenylisothiocyanate (PITC) is added. The PITC reacts 
quantitatively with the free amino-terminal amino acid of the 
protein to form the phenylthiocarbamyl-protein in a basic 
environment. After a period of time for the coupling step, 
the excess chemicals are extracted and the highly volatile' 
organic acid, trif luoroacetic acid, TFA, is used to cleave the 
PITC-coupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (ATZ) derivative of 
the amino acid. The remaining protein/peptide is left with a 
new amino terminus and is ready for the next Edman cycle. The 
ATZ amino acid is extracted and transferred to a conversion 
flask, Where upon addition of 25% TFA in water, the ATZ amino 
acid is converted to the more stable phenylthiohydantoin (PTH) 
ammo acid that can be identified and quantified following 
automatic injection into the Model 120 PTH Analyzer which uses 
a microbore C-18 reverse-phase HPLC column for the analysis. 

In the present procedures, peptide mixtures were 
loaded onto the glass filters. Thus, a single amino acid 
sequence usually does not result. Rather, mixtures of amino 
acxds in different yield are found. When the particular 
residue is conserved among the peptides being sequenced 
increased yield for that amino acid is observed. 



Example A 

P - efinition of an At ? specific ^»4 .,-f 
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e^essed, by cell lines^^iaM* Hdioiv arid '^«{is 
particular subtype is currently referred to* ks^%he'' 3^ aiiele 

5 (Xang, in lBIBttngblgi«>q[Y gf m . ft ; Vol^^ 1 ed. , Springer- 

Verlag, Hew York pp. 43-44 and 54-55, 1989), or the product of 
the A*0301 gene (its sequence corresponds to the one published 
by Strachan, et al., mSBSUL., 3:887 (1984), and has been 
verified by direct cloning and sequencing of the A3 gene found 

) in EHM cell line. The HLA-A3.2 encoded by the A*d301 gene 
referred tp in this document is the commonly expressed HLA-A3 
allelic form. 

in one case using MAT cells, pcioled peptide fractions 
prepared as described in Example 3 above were obtained from 
HLArA3. 2 homozygous cell Haes, fir example, CiaiG?. ' The 
^c^led firactions were HPLC ICracftions cofresporidi,^ to 7% to 
19% CHaCH. For this class 1 molecule, this region of the 
cl^<^tpgram was most abundant in peptide. 1^ Irom 
independent experiments were averagfed as de^ctibed biiow. 

The amino acid sequence analyses from four 
independent experiments were analyzed and the r^^ 
shown in Table 5. For each positi*^ exc^ the ilrst, the 
data were analyzed by modif yMg the method described by Falk 
et al. tp allow for comparison of experiments frcm different 
HLA types. This modified prpbedure yielded quantitative yet 
standardized values while allowing the averaging of data from 
different experiments involving the same HLA type. ' 

The raw sequenatpr data was converted to a simple 
i-atrix Of 10 rows (each representing one Edian degradation 
cycle) and I6 columns (each representing one of the tw«»ty 
amino acids; H, c, R and H were eliminated for technical s 
reasons. The data corresponding to the first row (first 
cycle) was not considered further because, this bycle is 
usually heavily contaminated by free amino acids.): The 
values Of eac^ rpw „er^ ^um»ed>to yield A totii p„oles value 
for tha^ partxcular c^cle. For eadh row, valties for each 
amxno acid were then divided W the correspoiidirig total yield 
value, to determine what fraction of the total signal is 
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attributable to each amino acid at each cycle. By doing so, 
an "Absolute Frequency" table was generated. This absolute 
frequency table allows correction for the declining yields of 
each cycle. 

Starting from the absolute frequency table, a 
"relative frequency" table was then generated to allow 
comparisons among different amino acids. To do so the data 
from each column was summed, and then averaged. Then, each 
value was divided next by the average column value to obtain 
relative frequency values. These values quantitate, in a 
standardized manner, increases and decreases per cycle, for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 
added together to generate average relative frequency values 
(and their standard deviations) . All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the samples from each table. Any particular 
value exceeding 1.00 by more than two standard deviations is 
considered to correspond to a significant increase. 

The results of the foregoing analysis for HLA-A3.2 
were as follows: at position 2, a 2.2-fold increase in valine 
(V) with lesser increases (1.5-1.7) for structurally similar 
residues leucine (L) and methionine (M) . At position 3, 
tyrosine (Y) and aspartic acid (D) showed increases in ' 
frequency. At position 7 isoleucine (I) was increased, and at 
position 8 asparagine (N) and glutamine (Q) were increased. 
At positions 9 and lo, lysine (K) was increased more than 2- 
fold over the expected random yield. 

cysteine was not modified and thus not detected 
PTH-tryptophan coeluted with dipheny lurea , and in some 
experiments, PTH-arginine coeluted with the major derivative 
Of PTH-threonine. Therefore, cysteine and tryptophan are not 
detectable and arginine is detected only in the absence of 
threonine « 

Previously described MHC structures showed instances 
Of critically conserved residues at position 2 (or 3) and at 
the c terminus (either position 9 or 10) . These residues are 
referred to as "conserved" residues. The modified data 
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Z^"^' the HLA-A3.2 motif should ,ha,«e .pp^ifefcon two 
« occwied y-» .hm»f , a, length of: 9 or 10 aniino acids, and a 
S C-teminal position .occupied by K. 

TABLE 5 
Sumnary 

HLA-A3.2 Anelg-SnA..>>fi^ ^^^^f 



Conserved 
Position Residues 

1 

2 V,L,M 

3 Y,D 
4 

5 
6 

7 I 

. ■ ■"' ,. K 



ExamnlA g ... 
Pg'f i nit1f)n of HLft'M-fmecif<« »op^| ^^ .^ ^^-^ ^^ 
HIA-Al ttolecules were ispl^ated and their naturally 
processed peptides characterized; as described, in Example 3 
above. I« one ctee using MAT cells, pooled fractions 
corresponding to I9t tb spt CH^CK were used. As in the 
preceding example, residues shoving at any given position 
except the first positicin, at least a two standard deviation 

s^o!^'!: ^'^'^ identified and 

sho«n in Table 6. On the basis of these data, only Serine^ (s, 
and Threonine (T, were inc^«,sed at position two. At position 
3 asparticacid (D, and glut^ic .cid (E, were elevated and 
at positxon s and lo tyrosine (V, showed a marked increase. 
Other increases noted w^e proline (P, at position 4 and 
leucine ,(L) at position 7. Therefore, the motifs for HLA-Al 

STorT^""' '''' '^^^ ""'^"^^ P-^^i- ^ occupied 

by S or T, a peptide length of 9 or lo amino acids and a 
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C-tenninal residue of y. Alternatively, another motif would 
comprise a D or E at position 3 together with a C terminal 
residue of Y. 

TABLE 6 
Summary 

HIA-Al Allele-Specific Motif 

Conserved 
Position Residues 

1 

2 S, T 

3 D,E 

4 P 
5 

6 

7 L 
8 

9 Y 



Example fi 

Definition of WTA-AII allftle-speeiflr. pentidA «.»t-1f fT 
HLA-All motifs were defined by amino acid sequence 
analysis of pooled HPLC fractions, in one case corresponding 
to 7% to 45% CH3CN of fractionated peptides eluted from 
HIA-All molecules purified from the cell line BVR. on the 
basis of the data presented in Table 7, a motif for All 
consists of a conserved residue at position 2 of threonine (T) 
or valine (V), a peptide length of 9 or 10 amino acids, and a 
C-terminal conserved residue of lysine (K) . At position 3 
increases in methionine (M) and phenylalanine (F) were also 
seen and at position 8 glutamine (Q) was increased. 

TABLE 7 
Summary 
HLA-All Anele-Snen^fi^ 

Conserved 
Position Residues 

1 

2 T,V 

3 M,F 
4 



Wp?f/03205 



POV^L<S93/0742I 



47 

5 
6 
7 

« • ' . Q ■ 

9 K 

10 K 



Dgg l n i tlPTl of HIA-A74.1 fiDeef1»<o Pf.pi. i de y^^^^ ^ 
mA-A34.l allele-speclflc motifs were defined by 
amino acid se^ence analysis of pooled fractions in one case 
corres|.ondlng to .7% to 19% CH3CH of hplc fractionated peptides 
eluted froi.^ HLA-A24.1 molecules purified from the cell line 
KT3. on the basis of the data presented in lable 8 a motif 
for HLA-A24.1 consists Of a conserved residue at position 2 
^c^ied j>y tyrosine <y,, a peptide l^gth of 9 or lb amino 
W^MlrV^^^ '^'^^^ <^f ih^Hylaianine (F, 



o^mcihe (L) increa^s^,.also observ^ at sei;eral other 
positions:^ isoleupine (1) and methonih^ m at pos^ion 3- 

acid (S,, ^yolh^ cc,, lysine K, 
a^proll^e (P) at .position .4, lysine (K,/m^nine (M) and 
a^aragine (K) at ^sition 5; valine (Vj-at poiitibn 6; 
«»Para^rine JN) and y^lln^ (^^ ^ 

p~ r '''' ^^^"^ ^'^^'^^ - cs^:; 

fOBiuon 8. Table: 8 

■ -Summary 
HIA-A24.1 ftllelA-fip ^^. |f|^ ^ ^^^^ 



Position 

1 
2 

"3 

4 



> 5 



CoiiiBerved 

Residues 



Y 

D,E,iS,K,P 



6 
7 



V 

N,V 
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8 A,E,K,Q,S 
10 F,A 
Exannle 8 

Identification of lmnunQer«»n j e pap^ ^^^ ^p 
Using the motifs identified above for various MHC 
class I allele aaino acid sequences from various viral and 
tumor-related proteins were analyzed for the presence of these 
motifs. Sequences for all of the target antigens were 
obtained from the GenBank data base (Release No. 7i.o; 3/92). 
The identification of motifs was done using the "FINDPATTERNS" 
program (Devereux, Haeberli and Smithes (1984). Nucleic Acids 
Research IZlll: 387-395) . 

The amino acid sequence or the nucleotide sequence 
encoding products was obtained from the GenBank database. m 
the cases of Human Papilloma Virus (HPV) , Prostate Specific 
antigen (PSA) , p53 oncogene, Epstein Barr Nuclear Antigen-l 
(EBNA-l), and c-erb2 oncogene (also called HER-2/neu), and 
Melanoma Antigen-l (MAGE-l) , a single sequence exists! 

In the cases of Hepatitis B Virus (HBV) , Hepatitis c 
Virus (HCV) , and Human Immunodeficiency Virus (HIV) several 
strains/isolates exist and many sequences have been placed In 
GenBank. 

For HBV, binding motifs were identified for the adr 
adw and ayw types, in order to avoid replication of identical 
sequences, all of the adr motifs and only those motifs from 
adw and ayw that are not present in adr were added to the list 
of peptides. 

in the case of HCV, a consensus sequence from residue 
1 to residue 782 was derived from 9 viral isolates. Motifs 
were identified on those regions that had no or very little 
(one residue) variation between the 9 isolates. The sequences 
Of residues 783 to 3010 from 5 viral isolates were also 

IT^'T: '° Identified 

and added to the peptide list. 

Finally, a consensus sequence for HIV type i for 
North American viral isolates (10-12 viruses) was obtained 
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from the Los Alaaos Na|^93,|i^ja|«]r,at;5igy:jdataba8e (May 1991 
release) and analyzed in ord^^r .to>Ja*e!ntif # notif s that are 
constant throughout aost viv^^p^^gfs^, SMotifs that bear a 
saall degree of variation (one ref*du*s; lit 2 forms) w^e also 
added to the peptide list. , v 

Several notifs for each allele shown below were used 
to screen several antigens. Protein ^6 Qf.huaan papilloma 
virus (HPV) type 16 using motifs from all of the alleles 
disclosed above are shown (Table 9) . Protein E7 of HPV type 
18 was also searched for motif^ from all alleles (Table 9) 
Melanoma antigens MAGE l, 2 ,nd 3 were searched for motifs 
from all alleles (Table lO) . The antigen PSA was searched for 
motifs from all alleles (Tal>le 11) . Finally, core and 
envelope proteins from hepatitis c virus were also searched 
(Table 12) . 1„ the tables and the description of the motifs 
the conventional symbol letter for each amino acid was used ' 
The letter -X" represents a wild card character (any amino * 
acxa) . 



search: 



The following motifs were screened in the present 



Tor HT.A-M rA*9i^-|^. 

1 XSXXXXXXY 

2 XSXXXXXXXY 

3 XTXXXXXXY 
* XTXXXXXXXY 

5 XXDXXXXXY 

6 XXDXXXXXXY 

7 XXEXXXXXY 

8 XJtEXXXXXXY 

For HT.A-|y3.? fft*n'»ni) 

1 XVXXXXXXK 

2 XVXXXXXXXK 

3 XLXXXXXXK 
* XLXXXXXXXK 

5 XMXXXXXXK 

6 XMXXXXXXXK 
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For HIA-All . 

1 XTXXXXXXK 

2 XTXXXXXXXK 

3 XVXXXXXXK 

4 XVXXXXXXXK 

For HLA-A24.1 rA*2401l ♦ 

1 XYXXXXXXF 

2 XYXXXXXXXF 

3 XYXXXXXXL 

4 XYXXXXXXXL 



Peptides with MHC Class I Binding Motifs 
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AA Position 



10 



15 



20 



25 



69 VCbRCLKfY 
77 XSKCS^J^fRHY 
80 ZSEYRHyCY 
92 GTTLEQQYMK 
93TTLEQQYMK 
106 LLZRCIIICQK 

2H6DTPT£fiEY 
16 QPETTDLYCY 

. ' ■ ' - 

44 QAEPpRAHY 
89 IVCPICSQK 

3RFEDMRM»y 
4FEDPan|RPX 
25 IXlDIEITCyy 
41LTEVF^AFK 
72 YSRlKEMy 
B4 SVYGDTLEK 
ioi IXIRci^CQK 



HPV18.E7 



HIA molecule 







HPV16*E6 


Al 




Al 




Al 




All 


HPV16.E6 


All 


HPV16.E6 


A3 


,I[IPV16.E7 


Al 


HI»V16 .E7 


Al 


SPyi6>E7 


Al 


;|^PY16i|E7 

■ -' • ■ " ■ ■ 


A3, All 


.HFVflf.Eg . 


Al 


'j^^8<>:E6 


Al 


ICPyi8.E6 


Al 


^ljB.E6' 


All 


RPV18.E6 


Al 


HPV18.E6 


A3, All 


RPV18.E6 


A3 



All 



59HTMLCMCCK 

Huaan Papilloma Virus 16 and 18 (E6 and E7 Proteins) 
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Peptides with MHC Class I Binding Motifs Tabl lo 

AA Position Sequence Antigen hla molecule 

2 SLEQRSLHCK MAGE 1 A3 

96 SLFRAVITK MAGE 1 A3 

96SLFRAVITKK MAGE 1 A3 

108DLVGFLLLK MAGE 1 A3 

128 MLESVIKNYK MAGE 1 A3 

128MLESVIKNY MAGE 1 Al 

152QLVFGIDVK MAGE 1 A3 

161EADPTGHSY MAGE 1 Al 

182 LLGDNQIMPK MAGE 1 A3 

215WEELSVMEVY MAGE 1 Al 

223 VYDGREHSAY MAGE 1 Al 

238 LLTQDLVQEK MAGE 1 A3 

239 LTQDLVQEK MAGE 1 All 
239 LTQDLVQEKY MAGE 1 Al 
240TQDLVQEKY MAGE 1 Al 



Melanoaa Antigen MAGE i 
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. ^»^mc^!G^6^m^i^ix,g Motifs Table 



21 IV66WECEK 


Iron 


A3, 


All 


57LTAARCIRNK 


PSA 


All 




88 VSHSFPQPLY 


PSA 


Al 




95 PLYOKSLLR 


PSA 


A3 




178 DVCAQVHPQK 


PSA 


A3, 


All 


182 QVHPQKVTK 


PSA 


A3, 


All 


236 PSLYTKVVHY 


PSA 


Al 




239 YTKWHYRK 


PSA 


All 




241KVVHYRKWIK 


PSA 


A3, 


All 


242 VyHYRKWIK 


PSA: 


A3, 


All 



Prostate Specific Antigen (PSA) 
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Peptides with MHC Class I Binding Motifs Table 



AA Position 



Seq[uence 


Antigen 


HLA 


2 STHFKPQRK 


HCV 


All 


14 NTNRRPQOVK 


HCV 


All 


43 RLGVRATRK 


HCV 


A3 


302 VQOCNCSIY 


HCV 


Al 


556 WHNSTGFTK 


HCV 


A3 


605 LTPRCMVDY 


HCV 


Al 


626 FTIFKIRMY 


HCV 


Al 


Hepatitis C Virus 


(Consensus 


Sequence) 



m lecule 
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. ,/ . t ^ .y^tyf^^^ arc 
0*!^^^ cipible f )ii|i|^lng to the apprctpiriiite ciafefir cr ' 
ndlWoilek; specific binding assays were establishea, HIA-A3.2 
molecules, were p^rified frojn GM3107 EBV cells by affinity 
cfcCceiinatography using the GAPA3 nAb (anti-A3) to isolate A3. 2. 
Prior to the step, the lysate was depleted of HIA B and c 
molecules by repeated passages over a Bl.23.2 column (this 
antibody is B,c specific) generally as described in Exaaple 2 
above. ' 

As a radiolabeled probe, the peptide 941.12 
(KVFPYALINK), containing an A3. 2 motif, was used. This 
peptide contains the anchor residues and K„, associated 
with A3.2-specific binders, described above. A Y residue was 
inserted at position 5 to allow fpr radiolodihation. - Peptides 
were labeled by the w of the Chloranine T method Btiiis et 
al., ssi£DSS& 235:1352 (1987), which is incorporated hterein by 
reference. ^ 

A dose range of purified A3. 2 was incubated with 10 
Z!^^^'^ in presence of a protease 

inhlbitor^coactail (1 n« p„sf, 1.3 ^ 1.10 phenant^dllne, 73 
liM .pepstatin A, 8 »H EDTA, and 2D0 m N a^-tosyl-L-iyiine 
chldro»ethyl ketone (TLCK) ) , in presence of i purified 
human ^2 microglobulin. After two days, the % bound 
radioactivity was measured by gel filtration over TSK 2000 
columns as previously described for .cla.s peptide^Mtiding 
assays in Sette et al., in Se«in..« Tniinnrl-T>- Vol. 3, 
^fter ed. (W.B. launders, Philadelphia, 1991, , pp x,5.202, 
Which is incorporated herein by reference. (see. Pig 4, 
Good binding (in the 60 to 100% range) was observed fot A^ 2 
concentrations ranging between 35 and 300 nM. 30% binding'was 
observed at 15 nM A3.2. J-naing was 

To minimize A3. 2 isage and to increase the 
sensitivity of the assay, a concentration of 5-10 nil A3 2 was 

5 :rL^V - the experiment shot L P^ 

^5 7nM A3.2 and an equivalent cpncent^ation of radiolabeled 
941.12 were xncubated using the conditions described above and 
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in the presence of a dose range of three peptides (HBc 18-27 
(924.07), a Prostate Specific Antigen peptide (939.01), and 
HIV nef 73-82 (940.03)). It was found that peptide 94^.03 
inhibited strongly, with a 50% inhibitory concentration 
(1C50%) of 22 nM, while a weaker inhibition was observed with 
peptide 939.01 (IC50% 940 nM) . Finally, peptide 924.07 did 
not show any inhibition up to the 30 mM level. Thus, it is 
concluded that peptides 940.03 and 939.01 are high a^d 
intermediate affinity binders, respectively, while peptide 
924.07 is classified as a low affinity or negative binder. 

Throughout this disclosure, results have been 
expressed in teras of iC50's. Given the conditions in which 
the assays are run (i.e., limiting MHC and labeled peptide 
concentrations), these values approximate Kp values, it 
should be noted that IC50 values can change, often 
dramatically, if the assay conditions are varied, and 
depending on the particular reagents used (e.g., class i 

^r!irr' concentrations of 

MHC will increase the apparent measured IC50 of a given 
ligand. 

avoid th "'"^'"'^^^^ °f expressing the binding data, to 
avoid these uncertainties, is as a relative value to a 
reference peptide. The reference peptide is included in every 
assay. As a particular assay becomes more, or less 
sensitive, the icso's of the peptides tested may change 
o!rr\,f "^«"nce 

londltl T "''"'P'^' - run under 

conditions such that the IC50 of the reference peptide 

Increases 10-fold, all icso values will also shift 

approximately 10-fold. Therefore, to avoid ambiguities the 

assessment of whether a peptide is a good, inter^dLte 

Ze7cT:: T'l " "^^^ °" ^^'^ relatL o 

rae IC50 of the standard paptide. 

, " standard peptide .easured in a 

particular aae.y is diftarant from that reported in L Jk, 
then it Should he understood that the threL"d v u«d t'; 

date^xn. ,ood, intermediate, weak, and „.,.tive bindlrs 
=h uld he modified hy a corresponding factor. Por example if 
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^sI^JPs?^^^'^^^^^'^^^^-^*^^^ «M iS^^^^ai^S-KH, then a 

XC50 ^ i-s so hH U.e./ anM X o.ih Ihst^ 

usual cut-off value or 50 jpM. r 

to ^ J^.^^i^^l system described can be used 

to test binding of large numbers of synthetic peptides to a 
variety of different class I specificities, specific binding 
assays can be performed as follows. ^ 

The cell line BVF was used as a source of hia. The 
dependency of the binding on «HC concehtration in presence or 

^^Z:^/"" '''' ^> 7 d-ticTs L 

^^^^ i«^*Htion by e^ces^ uh^^ 

Finally, Pig. 8 shows a Scat<?hard analysis exp^i,nent. Values 

T - '' ^ lOV active . ecept6r^&e 
Obtained, and were remarkable for their similarity to the 
V^1«.B obtained for A2,l and Th«. s^eh^:Iw S^^tide 

u^d as a radiolabeled probe mo-oey^.^r^ "^^'"'^ 

In .this case, the EBV cell line* *i¥li:Ai,i,^i^ 
a source Of purified HU. o-k Steinlin was used as 

4 ^ . PU'^if ied HIA. The same protocol- previously 
applied to purification of other HIA alleles a\ h , 
oif B, C aolfecuies by a Bl 23 2 »»k , ' depletion 

«„^i*4 ... ^ Bl.23.2 mAb column, followed by 

purification of A molecules by means of a W632 «»k f 
utilized n» 4.1. >. . "««n8 or a W632 mAb column) was 

"lA Al is shown in Fio. 9 p>ro» *.k- ^ ^ input 
« XittX. ,0 «, „, .u««cl«,t to ob^L^o";.^, 
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120 nM. Further Scatchard analysis (Fig. ii) verified that 
the apparent of the interaction corresponded to 21 nM, with 
a % of active receptor corresponding to 5.1%. 

HLA-A24 BttBclfin. nrPfllY 
HIA A24 molecules were purified from the KT3 EBV cell 
line. In this case, two consensus peptides whose sequences 
were based on the pool sequencing data have been synthesized. 
Their sequences are: 979-01, AYIDNVYKF and 979.02, AYIDNYNKF. 
The results of experiments in which the % bound of these two 
peptides as a function of input MHC was measured are shown in 
Pig. 12. m both cases, 10-15% binding was obtained with as 
little as 20-50 nM MHC. Cold inhibition experiments (Pig. 
13), limiting MHC concentrations, revealed that the binding 
was readily inhibitable by excess unlabeled peptide, with an 
apparent of 30 and 60 nM, respectively. Further Scatchard 
experiments verified values of 136 nM and 28 nM, respectively 
The apparent % of available receptor (active MHC) were 8 3% 
and 7.4%, respectively (Pig. 9a and b) . On the basis of these 
data, peptide 979.02 was arbitrarily selected as standard 
label indicator for A24 assays. Furthermore, on the basis of 
the data herein described, we also conclude that the goal of 
establishing an A24-8pecif ic binding assay has been 
accomplished, m conclusion, specific assays for the five 
major HLA alleles have been described. 



ExamplA 
expansion of HIA A *^nt1fp 
Establishing in vitro binding assays allows one to 
readily quantitate in vitro the binding capacity of various 
synthetic peptides to the various alleles of interest (HLA Al 
A2, A3, All, and A24) . This allows verification of the 
correctness of the motifs by means of peptides carrying the 
various HIA ^ motifs for their capacity to bind purif i!d HLA 
molecules. Typically, peptides were synthesized with specific 
UL, motifs embedded in a neutral bacKbone composed of only 
alanine residues, m some cases, a K residue was also 
introduced within the sequence, with the purpose of increasing 
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' in 1ih« M.« 6f A3. jr 

d«ine4 vlth . hydrophobic r«idue' in poiitioh 2 «d . 
positive Char,. (K) ii, position 9. Thus, to verify tl,.t »s 
presence of these two «,ehor r..tdue. would .ui„, i„ Z, 
context Of a poly A bac«>one, for *3.2 binding, t^ " ^» 
«.lo. With the s«^ence *»«M«c was sy^hesired (Ce ^, 

, "^P"*" <=*^"S other HIA »otifs 

were also synthesized a«d tested for HI* binding, it 

found that in an oases, the presence of the specific Z 
«tifs was ^nducive.to binding to the rilevint^":iSte 
with estl«^ed K„ cci^rised of betweei, ±25 and 2.s nM^ ,„ 
«.st oases, the billing MS: also ibsdutelV soe^ifl . 
n. binding,,^ ^.tec^ ^ irrelevant S^ler i"^','" 
«c«pt£pns ^ ^ms general rule .*r*oti^2: S^'tr „ 
«K1 All peptides ,crpssr«.ct«. e«:«^tveiy with ea^Sn' 

«*ifs for these two alleles are remarlcably siaiiar 1« 
.»e Al peptides crcssreacted, albeit with «.ch l«„ " 
affinities, on All and A3. 2. 

To further define the strudtui-ai 4 
inte^ction be^woen peptide ^i^^T^^^^^^^ ^' 
alleles of interest, analogs .of 10 reBiduei i„ l 

<dditicnai-Air:::irxr;n:st^-'^" 

anohcr residues are net located in p siti^e^ " 
opposed to 2 and 9 in the previous Lie, 

Obtained illustrate that Jtifs o^ n^:^;,„2'a:niT ^ 
capable of specifically binding, to the reje^rit^l 
.Ueles, albeit with a slightly lower amc'^:;""" ' 

on the basis of these data, ."erWu-""^ - !" 

' ^ ll-Der peptides 



Second, 
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Should al8 be capable f binding, even if perhaps with lower 
affinities. 

The data described above show that the presence of 
certain residues in the anchor positions does allow (at least 
in a "neutral" poly A backbone) for HLA binding. To 
investigate to what degree other amino acids (for example, 
chemically related amino acids) might be tolerated in these 
crucial anchor positions, analogs of some of the poly a 
peptides from Table 13 were synthesized, in which the residue 
present in position 2 (or 3) or 9 was varied. The results of 
this analysis are shown in Tables 15-19. 

In the case of A3. 2 (Table 15), in position 2, L, M, 
I, V, s, A, T, and F were found to be preferred (binding 2: o.l 
relative to previously defined anchor residues) , while C, G, 
and D were permitted (binding ^ o.Ol to 0.1 relative to 
previously defined anchor residues). The substiution of E, 
because of its similarity to D, in this position should also 
be tolerated. In position 9, K, R, and Y were preferred. 
Because of a similarity in nature, that H and F should also be 
preferred. No other residue was tolerated in position 9 for 
A3 binding. 

m the case of All (Table 16), the preferred residues 
m position 2 were L, M, I, v. A, S, T, G, N (L and Q by 
similarity) . Tolerated were c, F, D (and E by similarity) . 
in position 9, K was preferred and R was tolerated. H should 
also be tolerated by similarity. 

in the case of A24 (Table 17), y and F were preferred 
in position 2 (and W by similarity) ; no other residue was 
tolerated, m position 9, F, I, and L were preferred (and W 
and M by extension) . No other residue was tolerated. 

In the case of Al, three different anchor residues 
had previously been defined. The results shown in the 
preceding section show that they act independently of each 
other (i.e., that two out of three anchors would be sufficient 
for binding) . This is indeed the case. For this reason 
analogs containing two anchors were synthesized to define what 
residues might be preferred or tolerated in each position. 
The data shown in Table 18 show that in position 2, T, s and 
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.LS'^.P^ItnfS^^^ lio ^tefe^ »slehie is t616rat^: in 

.,^:^^^m..m.^^'^^^^^^m. only Y 

> (Table 19). ; : ™ 

bentl^-« the basiB Of the data, it iW concluded that 

Peptidea c^ing any combination of two preferred residues 
can bind. Peptides containing ^imperfect- notif s 1 e 
carrying a preferred residue at one position and a 'tolerated 
one at the other anchor position, should also be capable of 
binding, even if with somewhat lower affinity. Osing the 

Of this invention for.^ious «hc class i alieies amino 

^ ^^^/^'^''^'^'^^^ tumor-related proteins 
were analyzed for the pirfsenpe pf motif s. The results o* i-h*. 
laotif analysis is shown i„ Table 23 a - k. " 

of HPv Pt»rriti-p 

cervical e«^«. t. th, e<».o„ cu.; „, ' ' 

HPV »« is pre«„t 1„ „re than sii ofL Z.^ 
carcino^e .« pre^o^tXy „. the BPV „ j;::',::^":^' 
R. H., cometiesen, H. T., Krlght, B, K., Eichl„«r 
PCX H -s., ter sche^et, J., .„d Bancs, M. H M^i, ' 

cervical cancer specimens by DNA amplification ^^.-k 
primers j n^i-i ^ ' «"PA"ication with consensus 

primers. J- ^atl. cancer Jnst; Van den Brule, a j c 
Walboomers, j. m. m., du Maine M k«« ^* ' 

. au Maine, M. , Keneoans, p., and Meijer, 
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H. 
van 



C. J. L. M. (1991). Difference in prevalence of human 
papillomavirus genotypes in cytomorphologically normal smears 
is associated with a history of cervical intraepithetal 
neoplasia. Jnt. J. cancer. 48:404). The ability of hpv 16 
early region 6 and 7 (E6, E7) open reading frames to in vitro 
immortalize rodent cells (Yasumoto, s., Burkhardt, a.L. 
Doniger, J., and DiPaolo, J.A. (1986). Human Papillomaviruses 
type 16 DNA induced malignant transformation of NIH3T3 cells. 
J". I'lrol. 57:572) and human keratinocytes (Pirisi. l. 
Yasumoto, S,, Feller, M., Doniger, J., and DiPaolo, j.a. 
(1987). Trans-formation of human fibroblasts and 
keratinocytes with human papillomavirus type 16 DNA. j. 
Virol, 61:1061) and to transform human fibroblasts (Smits, 
L., Raadsheer, E., Rood, I., Mehendale, s., Slater, R. m. ' 
der Noordaa, j. , and ter Schegget, J. (1988). Induction of 
anchorage-independent growth of human embryonic fibroblasts 
with a deletion in the short arm of chromosome li. j. virol 
62:4538) suggests direct involvement of HPV 16 in the 
multi-step process of cervical carcinogenesis, 

m general T cell immunity, in particular mediated by 
cytotoxic T lymphocytes (CTL) is important in the defense 
against virus-induced tumors (Melief, c. J. (1992). Tumor 
eradication by adoptive transfer of cytotoxic T lymphocytes 
Adv. cancer Res. 58:143; Melief, c. J., and Kast, w. M. 
(1992) . Lessons from T cell responses to virus induced tumors 
for cancer eradication in general. Cancer Surv. 13. ei) 
Recently in a mouse model, it was reported that some degree of 
protection against HPV 16 E7 expressing tumors can be obtained 
with CTL after immunization with HPV 16 E7 expressing cells 
(Chen. L., Thomas, E, K. , Hu, S. L. , HellstrBm, i., and 
Hellstrom, K. E. (1991). Human papillomavirus type I6 
nucleoprotein E7 is a tumor rejection antigen. Proc. ,atl, 
Acad 5C1. 88:110; Chen, L. , Ashe, s., Brady, w. a., 

III T t ^°«ti»"lation Of Antitumor 

immunity by the B7 counterreceptor for the T lymphocyte 
Bolecules CD28 and CTLA.4. C II. 71:1093) . m vivo 
protection by CTL was recently shown in mouse models in which 
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" ^A-*^- fSt^Smi,: Ktet, If. M.r L ' 

eurren, J., Blom, B, J, j., ypordouw, A. >c;i Miieoi. R b 

•aaiMt l.tlal s«,d.i viru. infealon by m viv6 prliaina of 

peptii. proe. ^d. aSA. .8:22.3,. Moraover in . 

K, " « E» g«« product, u^e the»o.t 

L*^- "-^^'^^ y.«i~tio„ .,.i„« 

«• ri9»7). structural and tranMriptionil inalvili k. 
papllloasviilis type i« .-auen,!.. 

T n» 16 M^uenee. in cervicM careinou cell 

o^e ; ^""^^'"S^ t."«n pepllWirtt. t^' « ..^w 

'^i^^ri'T' -^iVSd oeS 

•nritication of the E7 pyoteia. enw. Hatl. Acad sryj „.. 
83,««, tad irivoiW in W-Vinduotion end ii^^f:/**- 
cell«l«r tr««fori,tic„ in vitro fcroofc I ^' 

traZ»™ f ? ^ '•9«ir*4 for taiiftentace of the 

-transfor^d by „pv-„ pi„ 

;16 E6 and E7 prdteins cooperate to in.„«^.,< i. 
J»r.ti„«^. a«, J. 3. «° ^»"«li» huinan foreskin 

Of iwdSived ,^':2;i^'rr' " ^.y^--^ 

«.<> E7 e^asire. involvLl ^r"" ^'^^'^^o" 
»,int«^ce Of the Phenotype 71^1^" 
Cvon Knebel Ooeherit. C^T] ^"^^^^ 
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Haueen, H (1991,. Influence of chromosomal Integration on 
,aucocorti=oia-re,ulated tranecriptlon of ,rowth-atim„lation 
papuiomavlrua genes E6 and E7 In cervical carcin ma cells 
Proc. sci. asA. S.:l4ii,. TO determine the 

> epitopes and potential vaccine candidate, of HPV 16 for 
h«m«,e, w. screened peptides spanning the HPV 16 E6 and E7 
protein sequences for their ability to bind to the most 
trecpient human HHC molecules, namely hla-ai, , . . 

«4. combined these five alleles will cove; abou; m of ^e 
world population (Oupont. B.. ed. x,munolo^"„r„^ 
Vol.^I - "«t-™P.tibility Testing. Sprin,er-Verl" , KeT 

A complete set of 240 overlapping synthetic peptides 

and E, ' " » b7 

and Z7 oncogene sequences were synthesized. The peotid.. 

ZtZ,'"-""'' "'""^ ""^ e-rementLnL"^'" ""^ 
molecules in the binding assay described above. «,eT^sults 
o£ this analysis show the relative affinity of ^ll LlTT 
^or the respective alleles and reveal L poeL^r*'" 

rrr: T^ieT:::::.:::."-^ " •^'■"-^ — - 

The results confirm that peptide binding motif 

=^^i:ip\iror:-^^^^^ 

«.Xyees were t^oZZ.Z'^Z.Z T^T'^T"^ 
.or their predictive capacities and TZIZZ Z t 
Perticalar anchor aa residues on positionsT t^f °, T? 
peptide. «»j.tj.ons 2, (3) and 9 in a 

strategies't" muui?fe"'".rr 

^ repeated cy:i:rr;h\ ^1^^^^^^^^ - 

^:-d::r:t:cr ^"^-^^"^ ^'TtTcrr 

*TBoc deprotection procedure (Gausepohl H .r>. 
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-9E«q>'»«t tare" ^5::tOTinai H*»P«Mes aif ttartyxng a cooH 

. ^m^Wl^^ir^""^ ^m^m^m r^sin and 

«175, before iige. once dlssolvedrS. «° 
at -70. c. since cysteine containLteo^? "'""^ 
to <air) 6kiaa€ion during svnZT. ^^""^^"^ susceptible 

peptides were synthest^':ir:: a\::^^^^^^^ ^^^^ 
cysteine. *« alanine instead of a 

Jdenti/ication o/ peptides fy^^ irfar> , 
of 24* iwptid«s of 9 a. <„ ,„^r^ A eompLte set 

•»W that , p*p«d„ with Joh 

(>»-l., 6 With int.r«dUte .fli^urr.^ ' '° 

•«lpity (0.01-0.001,. Pewufrr ' * "it* l~ 

»P.c.leM.te th. »„oe«tr.tt«nf Iff"' 

• s<!» inhibition dos. ,ic , o„. 1 . »^''«« *<> yield 

Of « « ^,,3", W-M 

«ijr. 'rj';:^.rnrttr"' ^ - — 

affinity binders c -s f„: identified eg hijh ^ 

>ow «fi„ity bl^^e^s :2iT,'o:crd"'T'' " " 

'»H«' to the peptides that 

iO^tlfled, . intennedlS it b'V'""**' 

etflntty binders tw= ""dw-s end 10 low 

- B":,o^^,f '^'in. Peptides 
Peptides With e , at th.^ 

. 'th position OULLRRETO, 
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VADKALKFY) were identified for HLA-AU.2 Considering the high 
binding strength of the first two peptides and the similarity 
between the mjl-All.2 .otif and the IILA-A3.2 motif in which 
V. are preferred at the 9th aa position, tyrosines should be 
included at the 9th position in the HLA-All.2 motif, comparino 
Table. 21(b) and (c) it is clear that there is a large overlap 
of peptides that bound to both A3. 2 and AH.2 molecules 
Eighteen out of 28 E6 and E7 peptides binding to these two HIA 
molecules overlapped and only 8 peptides were unique for HLA- 
A3. 2 and 2 peptides unique for HLA-All.2. 

Finally, Table 20(d) describes the peptides that 
bound to HLA-A24 molecules. Here 2 peptides were identified 
high affinity binding peptides, 5 a. int.rm«liate affinity 
binding peptides and 5 as low binding peptides, one high 
affinity peptide (B6-72 KALKFVSKI) and one intermediate 
ti!.'t «V!ri'' """" "«-""ed, indicating 

motif A»vr°°"? """^ 1" ^ 

A24 motif. AH these inclusions are indicated in Table 20-e 
m ~„lyzin, these tables it can be concluded that b^tC^n 2 
end 7 high affinity binding peptides were Identifiedlrai 

CerHind'iTt'^'* °=="^°-"V some peptides 

were binding to more alleles. Three peptides (E6-7, E6-37 and 
E6-79,, bound to HLA-A2.1, A3.2 and AII.2. one peptide (E6- 
38) bound to HLA-A3.2, All.2 and A24 and two peptides ,eZ, 
.nd E6-80) bound to HLA-Al, A3.2 and All.2. But uZe 
erossreactive peptides bound only w.akiy „ ^„ 

different HLA molecules, in general, however, it can be 
concluded that, except for HIA-A3.2 «,d HIA-Ali.2 m"e^ies 
almost all BLA molecules bind unigue peptides. 

Validation 0/ BLA-a peptide binding motifs with an 
"i^xased set of BP^ le e, and B7 peptides. 

describedlV^isTn?': "" 

! invention predicted the binding of a 

f!i?o : T ^^^^ peptides 

anrnegative bini ' '"^'^^'^^ binders, 

based t l T"::T-r '"^ P«"»i=tio„ 

n the anch r motif rules of Table 6 were analy^ed. The 
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the HIA^ molecule analyzed. FurtherTorr^e »^ °" 
binding peptides that vp,!. he predicted Is t/lte" 
percent of tho^e peptides that were predicted Tt 
actuauy .ia not hind is very .o. J aXx'ti:\r,^L^^ 

bind to H^a^f " Pei^tiaes predii^e. to 

a^init.. s:™^ 

. to be ^a. to firld these potLl^'c^^r ^**"' 
for HlA^A3.2 -All 2 ^ the figures 

inalctta, Ljt f^* aid not, bind, 

rosiauea can ..vi - ^Heating that non-anchor 

paptW. contribution, to th* bin«„, of a 

-otife .i,ht innuan'e trr;:ciror.i^;^*"^^« ««^» 
bind to th. relevant a* ainrL L .! ""* ■«'>t4'««-. to 
pot«.tiai tar,.t -Oiecuie. v:^r:o^"^ri" " 
aotif-Gontaining peDtiaM« * presence cf 

•y»th«.i.ed and'tLtlt; bS:ir*"r vara 
that in the case ot A3 2 ™, found (Table 20) 

^ vith inter^diata a«initi.: :r„'r.o "•:o?L 
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range), while 34.6% bound weakly (in the 500 nM to so 
rang ). Finally, 23.9% of them did not bind at all, at least 
up to the 50 MM level, m the case of All, 33 (33%) of the 
100 peptides bound with high affinity in the l to so nM ranoe 
5 35% of then bound with intermediate affinities (in the so „m * 
range.), while 24% bound weakly (in the 500 nM to so mM 
range). Finally, 8% of the» did not bind at all, at least up 
to the 50 tiH level. ^ 

lo . *K ««"« not shovm. 

10 In the case of Al and A24. 

The same type of analysis were also perfotiied in the 
oase Of 10-«er peptides oarryin, either the A3. 2, and All 
motifs (Tables 22(a) and (b)). it was found that in these 
cases, the frequency of good binders was even lower (17 5, 
15 and 29.et, respectively). These data confirm the fact toat 

motif-containing 10-m.r peptides can indeed bind, alb.it with 
m general, reduced affinity. ' 

In summary, the data shown in this section cl«irlv 
Show that the presence of the correct anchor residues i""l 
»0 sufficient per s. to allow for good HLA binding, ll is 
.pparent that the nature of the residues contained in 
positions other than 2(3) and 9 (or lO) can influence bindino 
The most lilcely e^ianation of this observation is t^t 
presence of certain residue. ,1„ positions other than 2 ^ „ 

dTte^Ct" - - " 

-pecific brdira.r;rir ^riTc^-eri^^^^^^^^^^ 

w«ted to devxse an alternative strategy, namely to derive 
procedures that would b. able to predict, within motl^ 
containing p.ptide., which peptides migh; L^o^ 
int.rm.di.t. binder, and thereby might be iJ^Z. m 
other e^cperiments not showri Intermedi.t. or good M^L= h 

mers and lo-ners xs carried out. m the case 
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in lisait of result, erMented in ExMtele 13 .w. 
.l,oritl». developed to provide . «re «^ „"..^ ' 
10 binding beeed ^ the effects of dif f"»t " 
portion « . peptide se^. i„ 1'^^; "te" 1^ 
conserved residues. More specifically, „e utll^^ 

Obtained during tbe screening „f''';;'^^:^':,„"r^-»»" 
3,11 or ,4 „tif containi^ pep^i^, ^ 
« for "ch |>articul«: aiiei, «hiob asslg*. , 

«-ino acia at «ch positio,, .10,^ a b^ll^!! 

each rekidu* is taken tTe ra^ ^Hk ^ '^J* 

-iaue in ,,od .nd i„ter:edi:::*:i::erTto':s":^ 

occurrence of that residue in non,M^ -'^^ °' 

-rer^idues. es trypto^'r:^"/:::::*^^ ^-^i^ 

:s twenty, a^o aciL rp^itn:1:^ T "^"^ « 
conserved residues tLfd.^ f",'-"" POP**-^ containing 

- -ed\n'te^:s»i:::^r^Li^' • * 

of each of its residwes. proauct of the scores 

-urther'^r^r^^rr^;^^^^ 

Of peptides With the hiohe^ ^ • PoPSkUtion 

one were to rely f or" ! occurrence of good binders. , « 

predicting ."L'p:; idT^rrirdV 

-the large nu«,er of peotldi ' Mac aUele 

predicted to be gl'^fSL^ "<^' WW •« 

percentage of the'se pep«:: „r,:rb:::L* T"-*^ 
larger peifcentage are lnt««- J'*'®^ binders and a somewhat 

larger percentage oTthe p^!':^ ^ ^''^ « «tUl 

the peptides predicted by the motif are 
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either weak or n n-binding peptides, m contrast, using the 
grouped algorithm of this invention a population of peptides 
are created with a gr ater percentage of good binders, a still 
greater percentage of intermediate binders, and a smaller 
percentage, relative to that predicted by motif-containing 
peptides, are weak and non-binders. 

The present example of an algorithm uses the ratio of 
the frequency of occurrence of an amino acid in binders and 
non-binders to measure the impact of a particular residue at 
each position of a peptide, it is immediately apparent to one 
Of ordinary skill in the art that there are alternative ways 
Of creating a similar algorithm. For example, one could use 
average binding affinity values, or relative binding of single 
amxno acid substitutions in a motif containing peptide with a 
poly-alanme backbone to generate an algorithm table. 

An algorithm using average binding affinity' has the 
advantage of including all of the peptides in the analysis 
and not just good/ intermediate binders and non-binders ' 
^ir^' " quantitative measure of affinity 

than the sxmpler group ratio algorithm. We create such an 
algorithm by calculating for each amino acid, by position i-h 
average log of binding when that particular rJZl tltZ t 

Brgpaminn of rffnrtivn m. ........^ ..^^^^ ,,,,, 

This example demonstrates the use of nr^^^ 

The APC were used to sensitize precursor cytotoxic T ' 

lymphocytes which led to the development «f . 

cytotoxic cellfi development of antigen-specific 

y coxic cells. This was accomplished using either 
Phytohemaglutinin (pha, T-cell blasts or peripheral bi h 
Bononuclear cells (PBHcs «^ o^. v. , Pe^^iPheral blood 

/e*« * ^ °^ staphylococcus aureus Cowan t 

(SAC-I) activated PBMC as APC. The resuii-^ 

other APC and to results are applicable to 

"ler AFC and to the other MHC alleles. 
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'!^;i^.^.r!^i^1^ ^.-WS^v^^ BaJcer. .Phlllipeburg, 

Anti-HIAA? (B37.2): ea*^ ^ 
Anti-HIA DR (I£3 li ▼ /. '-"-vxaxe, md. 

™ UK {Uii.X), from J. Gorsra, Children's 
Hospital, Pittsburgh, PA. 

Anti-HIA Alpha Chain pan ABC (9.12.I) , froa r 
DoHare, Uniyerelty of Wisconsin, Hadlson, wi. * 
Antl-«ouse IgG Pirp conjugate. Cat /P2883, Sigma, st 

Louis, MO* ^TL. 

|.icro,lo|>ull„, cat tmiU. S«itt.s t^, 

m faction: y, Cftt ^A,4M, sl»a,. st. Loui., ho. 

J-incoln, Park^ NJ, 

C^TTo l-c freezing container, cat /Sloo 

Rochester, HY. " "oox, Nalge, 

Cryovlal, Cat #5000.0012, „ai^e, Robhester, HY. 

Dl^e, cat /260912, calblochea, San Diego, CA 
Dynabeads M.450 goat anti-mouse -IgG, cat ,iTo\^ 
Dynal, Great Neck, NY. /110.06, 

^^^'^"^ Sigma, st. Louis, 

.. .. .5. .*. 

lAcscan, Bectcm Dickinson, San jbsW^ CA 
-tal^calf^serumCPCS),Cat.30^^ 

^coll-Pa^e, cat .17:0340.03, *harm.cia, Plscataway, 

Gentamicin, cat /6O0-S750AD, Gibco tsr*«H r , 
t-Glutamine, Cat /9317 irv « TT' ^' 
^ at #9317, Irvine, soientiflc, Irvine, 

^^.6KR centrifuge, Beckman instruments, P^^^ 

Human AB serum (hs) , cat. /100-112, Gemini 
Bloproducts, calabasas, CA. 
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Human rIL-2, Sandoz, Basel, Switzerland. 
Human rIL-7, Cat /Fl-1587-1, Genzyme, Cambridge, MA. 
Isopropanol, Cat /A464-4, Fisher Scientific, 
Pittsburgh, PA. 

MicroCELLector T-150 culture flask for selection of 
CD4+ cells, cat /8030, Applied Immune Sciences, Menlo 
Park, CA. 

Micrcmedic automatic gamma counter, ICN Micromedics 
Systems, Huntsville, AL. 

0KT4 hybridoma supernatant, Cat /CRL 8 002, ATCC, 

Rockville, MD. 
Paraformaldehyde, Cat #T-353, Fisher, Pittsburgh, PA. 
PBS calcium and magnesium free (CMF) , cat /17-516B 
BioWhittaker, Walkersville, MD. 

Peptides used in this study were synthesized at Cytel 
and described in Table 24 a. 

Phytohemagglutinin (PHA) , Cat /HA-16, Wellcome, 
Dartford, England. 

RPMI 1640 + Hepes + glutamine. Cat /12-115B, 
BioWhittaker, Walkersville, MD. 
RPMI 1640 + Hepes + glutamine. Cat /380-24OOAJ, 
Gibco, Grand Island, NY. 

Sodium chloride (NaCl) , Cat /3624-05, J.T. Baker, 
Phillipsburg, NJ. 

Sodium (S^cr) chromate, cat /NEZ 030, MEN, 
Wilmington, DE. 

sodium phosphate monobasic. Cat /S9638, Sigma st 
Louis, MO. 

Triton X-ioo, cat /x-ioo, Sigma, St. Louis, MO. 
24 well tissue culture plate. Cat #3047, Falcon, 
Becton Dickinson, San Jose, CA. 

96 well U-bottomed cluster plate, Cat #3799, Costar 
Cambridge, MA. ' 

«™l 1640 * aepas * ,lut..i„e (Oibco) .uppl«..„ted with 2 m 
and 5% heat inactivated pooled huMan Type AB eeru» ,se.i„i 
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5 (Irvine ScientUic, t«PHI/io% FCS^ chroMlui VeUase LlIT 
were perfonupd in RPMi/io%: FGS. ^ 

CKtofclaes. Reconbinant huaan lnterleuJcin-2 (rlL-2) fsando^, 
was used at a final concentration of lo 0/»l Reco Jl^ T 
10 interleu3cin.7 (rXW, (Cenzyae, vas'^d 

concentration of lo ng/al. 

15 . - heparin MO o/ai, dontaiAihg syringes 

and spun in socc conical Q^trifuge tubes (Paicdn) at^^ 
(BecJdian GS-6KR1 , traAcon) at leoo rpm 

and i6 «i fhe plasma layer wa6 then removed 

10 ml Of the huffy coat collected with a ±6 lii^V 
u^g a circHlar motion. The huffy ^oat^^^^^^^ 

Oliuted With an volume of .Sl^^^^::!"'^ 

50 diluted huffy coat «-« ^-K , . 1640. The 

. fciuity coat:, was then layered ov^i- in -ir ; 

M=Sv i ™ t^Wrature with th«, brake off. «i ' 

washed three times with 50.ml Ri«i (i7o^\^^ 

ftir 10 min. ' ?hr.^ }^^° 

cella/ml of 90% fcs + io% PMSO (sigma, , in i 5 
cyroyi.is (Nalge,. Crypvials wer.^a;ed\ ^^^^^^ 
containers (Halge, containing isopropahol f^iS^ . ^"'""^ 
at -70«c from 4 hr fmln<™.,».\ °P"Panol (Pisher) and plhced 

trom 4 hr (minimum) to overnight (iaximumJ 
iBopropanol was changed .after every 5 use^ ^S *, 
transferred to Uquid nitrogen fo^ong^ S - 
were thawed by continuous shalcing is^T^-^"^"' 
the last^ crystal was nearly thawld Li r -^^^ ^th until 
diluted into serum free RpL^!!^ ^^"^ immediately 

(to avoid Clumping) (Libl^jr^"^^!^^^^^^^ ^'^/-l 
u«ping; (caibiochem) , and washed twice. 
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Depletion of Lymphocyte Subpopulations , CD4 lymphocyte 
depleti n was performed using antibody-coated flasks: 
MicroCELLector T-150 flasks for the selection of CD4+ cells 
(Applied Immune Sciences) were washed according to the 
manufacturer's instructions with 25 ml PBS caiF + i mM EDTA 
(Sigma) by swirling flasks for 30 sec followed by incubation 
for 1 hr at room temperature on a flat surface. Buffer was 
aspirated and flasks were washed 2 additional times by shaking 
the flasks for 30 sec and maintaining coverage of the binding 
surface. To each washed flask, 25 ml culture medium + 5% hs 
were added and incubated for 20 min at room temperature on a 
flat surface. Media was left in the flask until it was ready 
to receive the cells. PBMC were thawed in RPMI/5% HS 
containing 3 0 ng/ml DNAse, and washed twice. HS in the wash 
blocks Fc receptors on PBMCS. For one flask a maximum of 12 x 
10"^ cells were resuspended in 25 ml culture medium. Culture 
medium was aspirated from the flask and then the cell 
suspension was gently added to the MicroCELLector. Flasks 
containing the cells were incubated for 1 hr at room 
temperature on a flat surface. At the end of the incubation, 
the flask was gently rocked from side to side for 10 sec to 
resuspend the nonadherent cells. Nonadherent CD4 depleted 
cells were harvested, and then flasks were washed twice with 
PBS CMF to collect the nonadherent cells. Harvested 
CD4-depleted cells were pelleted by centrifugation and 
resuspended in complete culture medium (RPMI/5%/HS) . 

Generation of PEA Blasts, pbmc were isolated using the 
standard Ficoll-Paque protocol. Fro2en cells were washed 
twice before use. Cells were cultured at 2 x lo^/ml in 
RPMI/5% HS containing i ^g/m pha (Wellcome) and 10 U/ml 
rIL-2. PHA blasts were maintained in culture medium 
containing lo U/ml r lL-2 with feeding and splitting as 
needed, pha blasts were used as APC on day 6 of culture. 
Generation of empty class I molecules and peptide loading were 
only performed by the acid strip method when using these APC. 
Acid Stripping/PeptidB Loading of PBMC and PHA Blasts, pbmc 
were isolated using the Ficoll-Paque protocol. When using 
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peptide, were .d#ed, and the cells were pelleted it 1500 ™. 
5 et 4.C. Celle ™re resuspended m 1 voliie coid etZT; 
neut..auzlng ,,ufter « tPBSa»-,, x« BS*, 30 11^11'^!^ 

««. et 20-c. cells ,„er. diluted with cttltur* «diu» to 
. .^^^^ ' ¥ MV.1 »d irr.di.ted With .000 r" kT cell. 
. =«tri£a,e4 .t 16op rp, «or s «to .t r«*' 

.«»er.tur. «d re.u,pe»d«l m culture «diu.. The .dd 

■^^^"■^^^P**- cell, were ueed i^ij^ 1^1. 

induetioh cultures (below,. «»«ii.t.ly i„ the CO. 

Xnduetion 0/ PriMerj. era «sin<, Jteld Stripped/Peotii. r . . 
^o^ ^ or P« Bl„es „ .ti^ifC™: 

'^T.'T^^'r^ "^ts .re described 

^ PeoSf J* ■ te: inP«*.tion Of sti™i.tor cells 

?BM<; tliat wer« depleted of CD4+ cells 

'^^Z^, ^ TIT '-^^ 

.uspension ^ di^el^:: "nto T 
culture piste (Piicon, Becton Dickinson, . le pul "" 
PUced in the incubator at ,7-c, s* CO, untiTth, ^ 
population W.S ready. o,cS irradiated "wr^'ST 
resuspended in ciilture Mdium contalnlL ,„ , were 

. « «5™Utor ceil, susp^ion .^^^'^^^ ^ 
PI-s ccntainin, the responders. on day /aetS'LluctTn a 
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100 Hi cultxire m dium containing 200 ng/ml rIL-7 was added to 
each well (20 ng/well rIL-7 final) . On day lo after 
induction, 100 nl of culture medium containing 200 u/ml rlL-2 
was added to each well (20 U/well rlL-2 final) . 

Antigren Jlestlmulatlon of CTL. On day 12-14 after the 
induction, the primary CTL were restimulated with peptide 
using adherent APC. Autologous PBMC were thawed and washed as 
described above. Cells were irradiated at 6000 rads. Cells 
were pelleted and resuspended in culture medium at 4 x 10*/ml. 
1 ml of cell suspension was added to each well of a 24-well 
tissue culture plate, and incubated for 2 hrs at 37 -c, 5% co . 
Non-adherent cells were removed by washing each well three ^ 
times with serum free RPMI. After this step, a 0.5 ml culture 
medium containing 3 Mg/ml /Jamicroglobulin and 20 Mg/ml total 
peptide was added to each well. APC were incubated for 2 hrs 
at 370C, under 5% COj with the peptide and /Samicroglobulin . 
Wells were aspirated and 1 ml of responder cells at 1.5 x 
lO'^/ml in culture medium was added to each well. After 2 
days, 1 ml of culture medium containing 20 U/ml rIL-2 was 
added to each well. 



cytotoxicity Chromium Release Assay. Seven days following 
restimulation of primary induction, the cytotoxic activity of 
the cultures was assessed. 

Effectgr Cfl l Prgpqrntinn : the responders. 
Which at this stage are renamed -effectors", were centrifuged 
and resuspended at lO^ml in RPMI/10* PCS. Three-fold serial 
dilutions Of effectors were performed to yield effector to 
target ratios of 100:1, 33:i, ii:i, 3:1. Effector cells 
were aliquoted at 100 Ml/well on 96 well U-bottomed cluster 
plates (Costar) , in duplicate. 

^* Target Cfll Pr^pgrf^tjon : Approximately 16-20 
hrs prior to the assay, target cells were resuspended at 3 x 
loVml in RPMI/10% PCS in the presence or absence of 3 ,g/ml 
^2«icroglobulin and 10 ^g/^i total peptide. After 
preincubation, target cells were centrifuged and pellets were 
resuspended in 200 .1 ooo.ci) sodium (Sicr, chromate (HEN) 



wa^ iMi^U5t^ aiM Jjtfo ill a^ots 

were added to each yell ^ntaining responders. K562 cells 
(cold tar^^ts, to block MK, and lAK activity) Were Vashed and 
resuspended in RPMI/10% PCS at lo'/nl. Aliqubta of 20 ^1 were 
added per well, yielding a 20: l of cold K562 target: labelled 
target. Por the detenaination of the spontaneous s^cr 
release, lOO Ml/well of RPMI/10% PCS were added to lOO /il/well 
ll ^^^^^^ target cells, and 20 Ml/well of KS62. Por maximum 

Cr release, lOo pi i% Triton X-lOQ (Sigma) in PBS cmp/ was 
added to the lop ,il/well labelled target c6lls>i and 20 ^l/well 
KS62. Plates were centrif uged f or 2 min at 1200 rpn to 

"^^^ "^^^ fprmation. Assays were incubated 
SJir at 37-c, ,5%, cp2. Assays were harvested by 
centeituging plates for 5 min at 1200 rpm and collecting 100 
Ml/well Of sup^tant. Standard gamma counting tecrhnigues 
were used to determ^e percent specific ly«i^ (Microaedic 
automatic gamia counter, 0.5 min per tub4) . 

CultuTBd cell Lines. JY, a ittA A2.i expressing human 
EBV-transformed B-c^ll line, was grown in EP,K/10% PCS. K562, 
a^HK cell sensitive erythroblastpaa line was grown in RI«I/io% 
PCS K562 was used to reduce background killing i,y NK and LAK 
cells in the chromium release assays. 

^''^iranrLT'"" """" ^'""'^^ synthesized 

at cytel and their sequences are described in Table 24 a 

Peptides were routinely diluted in 100% DMSO at 20 mg/mi* 
aliquoted, and stored at -20»c. 

FACS AMysis. Approximately io« cells were us«j for Mch 
««bo.y t.«t wes to .e tested. Cells were ^ ^ i" wlu. 
PBS cm, * 0.1» BS*. TO e.oh s«.pl., loO « pbs C«f . 0.1. BSA 
* prx«^ antibody at 2 m,/.1 (^7.2, aicc) or i 

P^"°tf' 9r (LB..1, Children.; hospital 

Pittsburgh) were added. A negative control was always 
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included, cells were incubated on ice for 20 Bin and washed 
twice with PBS CMF + 0.1% BSA. Cells were resuspended in loo 
Ml anti-mouse igG FITC conjugate (Sigma), dilut d 1:50 in PBS 
CMF +0.1% BSA, and incubated 20 min on ice. Cells were 
washed twice with PBS CMF + 0.1% BSA, and resuspended in PBS 
for FACScan (Becton Dickinson) analysis. Nhen it was 
necessary to postpone analysis to the subsequent days, the 
cells were fixed with PBS/1% paraformaldehyde (Fisher) and 
analyzed within one week. 

Binding Assays Using Intact Cells and Radiolabelled Peptide. 
JY cells were treated with citrate-phosphate buffer and 
neutralizing buffer /I as described above, jy control cells 
were left untreated in tissue culture media. After treatment 
both cell populations were washed twice with serum free RPMI 
and loaded with "Sl-radiolabelled 941.01 (HBcl5-27) peptide 
(standard chloramine T iodination) . To determine binding 
specificity, 2 X 10« cells were resuspended in 200 ^1 
neutralizing buffer #2 (described above) containing 
"51-941.01 (io5 cpms) +/- 100 ng unlabelled 941. oi. cells 
were incubated for 4 hrs at 20'C and washed twice with serum 
free rpmi to remove free peptide. Cells were resuspended in 
200 Ml of serum free RPMI. In a microfuge tube the cell 
suspension was layered over an 800 Ml FCS and pelleted by 
centrlfugation for 5 sec. Supernatants were aspirated and the 
radioactivity remaining in the pellet was measured (Micromedic 
automatic gamma counter, i min per tube) . 

ExamnlA 3P 
peptide si 

treatmPt^t . 

Mild acid solutions of pH 3 such as glycine or 
citrate-phosphate buffers have been used by various groups to 
identify endogenous peptides and to identify tumor associated 
T cell epitopes. The treatment is unique in that only the MHC 
Class I molecules are destabilized (and peptides released 
While all other surface antigens remain intact including mc 
Class II molecules. Most importantly, treatment of cells with 
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. 'f^.li^^gf^ixa^ "^.^ tti^^xftiRae do net^fs^ct the 

'T^i^^^^^^^^'-m "f^^m^-m^^-^^^ msm^mm treatment 

fuiictioh after the appropriate peptides, are loaflftdV In this 
exainpie %re utilized the technique to make peptide %t>eclfic 
APCS for the generation of primary antigen^speclf ic CTL. The 
^ulting APC were efficient in inducing peptide-«i,ecific CD8+ 



Ifeasurisments FACS An^ysis, , PHA-induced T-cell blast's were 
acid stripped/peptide loaded according to the methods 
t^^^^M^^^ ^^ulting cells were stained for 

PACS analysis using anti-^A-A? (8B7.2) and anti-iaA alpha 
chain-specific (9.12.1) monoclonal antibodies. Controls for 
this experiment included the same ceU populati6h- wbibh was 
. ' ^''"^ t'-^lel vith PBS buffer at pk 7.2) 

and With cells treated with citrate^phpsphate buffei: steio 
the HHC, ^ neutralized in the abs^ce of .,mi<^gl J::^:^^ 

^ . T.!^""^' "^^'^^ '" ^"'^^ indicate that 
treatment of th^s^ cells with the citrate-phosphate VbH3) 
.Uffer^sighifi^tiy reduced (xp..old) theU^^ the 

i:^ ^^ """" ^^'-"^ ' ^^'"'^'-^ 

(anti-HLA-A2 and the alpha chain specific), but not towards . 

.onoclonal antibody specific for class II ,«c mollL^H 
(anti^HLA-DR) . Host importantly, neutralization of the 
!entir - the presence of Microglobulin and 

^a'ss : ^:r":ib': - ^ ^^^^^^ca^t amount of 

Class I MHC antibody-reactive sites, with only a 2.5-f61d 
decease in fluorescence intensity. Importantly, the 
acid-treated cells r««.lned viable, as measured by trypan, blue 
exclusion and forward/ lateral FACS scatter analysL^I^nr 
-ults were Obtained usi.g HBy-transformed B ^ij^''^ 

el^r r/r""' ^ P^P^^^- (Which bind to 

either IILA-A2.1 or ffiA-Al, (data not shown) . 

^^^"'^^ ^^'y molecules. To 
determine the efficiency of peptide loading using the c;id 
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temperature incubation or acid stripping/peptide 1 ading 
pr tocol, JY cells (an HLA-A2.1 EBV- trans formed B cell line) 
were preincubated at 26 'c overnight or acid-stripped to remove 
the endogenous MHC-associated peptides and the loading of 
exogenous peptide was determined using a "^j.^adiolabelled 
HIA-A2.1 binding peptide. The specificity of this reaction 
was determined by measuring the inhibition of labelled peptide 
binding using a cold peptide of the same sequence. Results 
presented in Table 24 b demonstrate that acid-treatment of the 
cells increased significantly (approximately 10-fold) the 
amount of labelled peptide binding to the JY cells. 
Furthermore, the binding of labelled peptide was completely 
blocked by the addition of the cold peptide, demonstrating 
specific binding (data not shown). 

in Vitro induction of Primary AntigenSpecitic CTL Vsing Acid 
Stripped/Peptide Loaded APCS. Additional critical parameters 
for the induction of primary CTL using both the cold 
temperature incubation and acid strip protocol are: i) 
enrichment of CD8+ T-cells in the responder cell population 
(or depletion of CD4+ T-cells) , 2) addition of rIL-7 to the 
CTL induction cultures from day 0, and 3) restimulation of the 
cultures with antigen on day 12-14 using autologous adherent 
oells pulsed with peptide. Results presented in Figs. 16 and 
17 show experiments performed using pbmc and PHA-induced T- 
cell blasts as APC. Figure 18 shows experiments using PHA- 
induced T-cell blasts as APC while Figure 19 shows the use of 
PBMC as APC. 



Examnli* -[^ 

in order to identify CTL epitopes, CTL was stimulated 

o^ T'lr?'""''* temperature expression 

Of the MHC in which class i ^.2.microglobulin complex is 
unstable was utilized in addition to acid stripping to 
generate PBMC APC. 
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■-^^.^.^^.. mim... l^.^^sm.:,xi^e^s^ used in 

Hu»an serua Type AB (RPMl/s% HS; Gealrii Bitjjirdduct^) 

10% heat-lnactlvated fetal calf serum (RPMl/io% r"? , 

instead of huaan serum. ' ^"^^"^^ 

CytdkijxBs. Recombinant human lnterleulcin-2 (rILis) and 
Xn^leu,cin.4 (rXW) vera obtained from SaJo. ^ at a 

^ concentration .f ip vym ng/ml, respectively 

^^ff^--^'^ (^^-r} ^ reco^inant human InterleLn.7 



use; 

Ceir Lines, 



cell Xdnes, JY, Steinlin, EHM, BVR and iPr-» w 

^t. «d v., respectively. They are ^ In " 

«™r/lo» PCS, used for reduction of Beclc«*oaS SlL • 
CTL assays. Melanoma cell lines eith*, "ground jclliin, „ 
«ti9en, .el 3*7 and «l „8 or -"Pr^sin, the mcE 

antigen; «1 ,s». «re iuo^lt Z^l^^cT 

isolation or Perlpceral Mood «onoh«cl.ar cells tPBMr., ' 
«.ol. blobd «,i collect*! into l.ep«:in contllnL 7 ' 
spun in sooc tubes at leop rpm (bL^ os^^S,^ 

^ W ,las., layer ^ then^L «d lo'^l , . 
cost wa^ oollected With a pipette usi«, J^^Z li 
bufty coat «« mi^ed veil and diluted ITtTtT f 
Of «Ha. The Imffy coat (30 nl, vas ^» T 

l^o BJ.) was then layered on 20 ml of 
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Ficoll-Paque (Pharmacia) and centrifuged at 1850 RPM (400xg) 
for 20 minutes, 25«c, with the brake off. The interface 
between the Ficoll and the plasma containing the PBMCs vas 
recovered with a transfer pipet (two interfaces per 50 ml 
tube) and washed three times with 50 ml of rpmi (1700, isoo 
and 1300 RPM for 10 minutes) . cells were resuspended in 10-20 
ml Of culture medium, counted, and adjusted to the appropriate 
concentration . 



FrBBzing PBMCs, 30 million cells/tube (90% FCS/10% DMSO- 
Sigma) were inserted into a Nalgene Cryo l-c Freezing 
container containing isopropanol (Fisher) and placed at -70«c 
from 4 hrs (minimum) to overnight (maximum) . The isopropanol 
was Changed every five times. Tubes were transferred to 
.liquid nitrogen for long term storage. To thaw, PBMCs were 
continuously shaken in a 37»C water bath until the last 
crystal was almost thawed (tubes were not allowed to sit in 
the water bath or at room temperature for any period of time), 
cells were diluted into serum-free RPMI containing 30 ^g/mi 
DNase to prevent clumping by dead cell dna and washed twice. 

induction or Primary CTL Using SAC-I Activated PBMCs as APCs 

*. Prgparfltlon Pf ftPr ^r: PBMCs were purified using the 
standard Ficoll-Paque protocol and resuspended at i x lo«/mi 
xn RPMI/5% FCS containing 0.005% Pansorbin cells (SAC-I cells 
3bit ^« I-unobeads 

TWO ml Of cells per well were plated in a 24-weH plate 
(Falcon, Becton Dickinson) and cultured at 37-c. After 3 

r^"'^'" --hed three 

times followed by addition of rpmi/io% hs. The cells were 
used after culturing for an additional 2 days in RPMI/io% HS 



APCS and nPPtidA ^T ^nT 1fn a of APr« , 

1. Cold temperature incubation: 

a. Expression of empty MHC in APCs: The APCs 
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; ^*^^%^2-94^(^;.obul^ . The cells 

^ wtere- 1*^;i^ipi#a^^ ;. 2€^c. IfeltlieS^^^iyce of 5% • 

CO2. it should 1^ notcsd that laiese cells biily .ij^tess a 
fraction of Claps I moUcules in the empty state (^10%) . 

b. Peptide loading of Apc stiiiulator cells- 
E»5>ty Class I expr^sing APCs vere washed 1-2 times with 
senm free remi l^^utami^e and Hepes) «,d res«ype„ded at 1 
X 10 In serum-free RPM containing so Mg/nl total bf the 
peptide pool (i.e., 16.7 Mg/»1 of each peptide ih a pool of 
three; 25 ^g/ml of each pc^ptide in a pool of W; so ,ig/ml of 
Individual peptide) , 3a ^f/Bl PHAse, and 3 m/v>l ^ 
Following a 4 hour incubation at 20.C, the cells Were 
15 . irradiated at 6100 rads (5 x 40^/ ml; ' 25 million cells/ tube) 
and adjusted tp f^opri^ ^^r.^^ ^ ' 

addition to the induction culture (see below) ; 

2. Acid strippijig: aaii© was us^d^^^irM 
20 t^'^'^''!- generating e^ty «hC on the surface of 

20 SAC-1 •ctiv^ted PBMCs were Washed ii,ce in cold 

^ 0.9% sodium Chloride (j.T. Baker) contaihing H bM. The 
^ "suspended jit y^f^ i„ cold ci€rit«£fcphate 

(0.13H L-ascorbip apid f^.T. Baker, , 0,6 J, 
« ag^ lt Tr'' ""'^ Pontaining 1% bsa ,nd 3 

cIlTo fsM^Lf "^'^^^^^ Afte^^ Minut..; 5 volumes Of 

cold 0.15M sodium i*osphate monobasic buff^, pH7 5 

containing 1% BSA. 3 ^g^ml and 10 Mg/iol peptid4 

0 . il [11 T Z I - ''''' "^^^^ were resuspended 

0 .in 1 ml Of cold PBS containing 1% bsa, 30 Mg/»1 DKase 3 «a^l 

^microglobulin, and so .g^i peptide (neu J^zing^ff J'^^^^^^ 
and incubated for 4 hours at 2o«c ■ ■ ®^ "3 

, th. four hour incubation at «°c thrclT' 

^ - appropriate conoentratio:!.^';,^' t^^ 

induction culture (see below|. aaition to the 
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PrgpamiPn of the cd4+ depleted p bmc r^.^p ^'nilrr r- n 

PgPW l at i gn ((IPPletion of Ivmphoevl:^ ^^ i b-ponnlfl^ ^^n, 
his f l flPKff) . AIS Microcellector T-150 flasks (sp cific 
for the depiction of CD4+ T cells; Menlo Park, CA) were 
primed by adding 25 ml of PBS/i mM EDTA, swirling for 3o 
seconds so that all surfaces were moistened, and then 
incubating with the binding surface down at room temperature 
for 1 hour. Following this incubation, flasks were shaken 
vigorously for 30 seconds, washed 1 time with PBS/EDTA, 2 
additional times with PBS and then incubated with 25 ml of 
culture medium for 15 minutes. PBMCs were thawed lin 
serum-free RPMI (+ L-glutamine + Hepes) containing 30 ^g/ml 
DNAse, washed once, and incubated for 15 minutes in culture 
medium. Following aspiration of culture medium from the 
flasks, up to 180 million PBMCs were added in 25 ml of culture 
medium containing 30 Mg/ml DNAse. After l hour at room 
temperature, the flasks were rocked gently for 10 seconds to 
resuspend the nonadherent cells. The nonadherent cell 
suspension containing the CD8+ T cells was collected and the 
flasks were washed 2 times with PBS. The CD4+ T cell depleted 
PBMCS were centrifuged and counted for addition to the 
induction culture. The CD4* and CD8+ phenotype of the CD4-. 
depleted cell population was determined by FACS analysis (see 
below). In general, this technique resulted in a two-fold 

' "'^ approximately 

40-50% CD8+ T cells and 15-20% remaining CD4+ T cells 
following depletion of CD4+ T cells. Depletion of CD4+ T 
ni l T — 'Plished by antibody and complement or 
" cell "^"""'^ """"^ (Dynabeads). Depletion of CD4^ 

Lii J'™' ""^^^^^^^ removing 

cells Which would complete for cell nutrients and may 
interfere with CTLp expansion. 

, ^' ^ "^^g^^^n Pr i fflf^TT rTT i. During the 4 hour Dentin^ 
loading of the stimulator kpcs CD4+ Ho«i IT Peptide 
^. u^ator APCs, CD4+ depleted PBMC to be used 

as the responder population were prepared utilizing AIS f^alks 

iz^s Ti " ' ™ - CD r 

uiae (24 well plate) and placed at 37«c until the 
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»~Ii<a, M pl*t«J Into . 24 ».ll*«^tS;«3:j .»F^l«'=" 

culture. „„. „,tl^l^,„ pX^idS: T 

™«yea into 8eni]ii^.£re& pwrr /-l^ -1 ^ 
-UUcn ~u./tube in s 1.1, ™^='- ^ 



hou« .t ,7.e v.rhL f ''^* i"*«»»ted for 2 

*,.icro,xobulin .^^^.^0 " ^''.-^ "0 = 

ineutatod for 2 hour, at 37. c 'M«l .«in 

in . X « .^,^^:^ '^^"^i<^ 
containing 20 riL-2 w,. .aded. °' 

(Si9-.) plu. 10 Ul/tub, to!«^v "^/O-On .odlu- .,lde 
"c.in.on,. .nd iri^TZ 
«.« w.iih.d 2 tl«. With PBS/0 It 
~u.p«ied in PBS to «.l^re In P^' 

«>« it v.. not posaib^rL!^ ^*«c.» (■M.cfcton DiOcin.o„, . 
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cells were fixed with PBS containing i* parafonnaldehyde 
(Fisher) and analyzed within one week. 

Cytotoxicity Assay 

'"'''^^ PrfPnrnt l PTl - Approximately i6-20 hours 
prior to the CTL assay, target cells (Class I matched 
EBV-transfonned lines) were washed once and resuspended in . 
10 »1 volume at 3 x loS/mi i„ rphx/s* res in the preslce or 
absence of lo /ig/»i total peptide. Presence or 

^' t 'ttfrelinq of tarqptr rfllff : Target cells were 
centrifuged and resuspended in 200 ^1/tube sodium s^cr 
chromate (NEK), then incubated at 37-0 for i hour on a shaker 
Targets were washed 3 times (lo ml/wash, with RP„ino% res a", 
resuspended in lo ml (to determine the efficiency of 
labelling, 50 Ml/target was counted on the Micromedic 
automatic gamma counter) . 

c. m-SBSai. Target cells were adjusted to 2 x lo5/»i 

rltt V """'"^ ™ -""^ '° c"e 

D-botto«d <,6-„ell Plate (Costar Corp., for a final 

concentration of 1 x loVwU. K562 cell, were'rehed one. 
resuspended at 4 . loV«, «.d so .Vwell was .dL ^r a ' 
"nal concentration of 2 x loS/^n ' 
target „.s 20 = 1,. Responder cells were washed o"e 
resuspended at , x lo'/^l, and three fold serial ^iwi 
w.re performed for effector to target r.ti.rlf H 
lOtl, u»] 3:1. Reeponder cells were .dd.d , ' 

m in duplicate W.11. . ' 100 

laheliJrr " "Pontaneous release, so ul/well of 

.x/weii";;:.:":^ > r.r:e"ror:r;r:: " 
:.r». - c.:t:if^rf:;\* :^:rj^ - 

Following a s hour incubation at 3Tc Dl.t.. „ 

.,.ln for s .inute. at 1200 r™, and o Xl^f 

•upematant was collected • at.nrt.,., "i/^H of 

(Micromedic automatic gl^ma l^'T"^ 

used to determine the percent s'ecUic Li, ^r'^r' ""^ 

£ nmila: % specific Iv^i. t° 

release/cpm m'a: 1 e ^e' ^IT^T"'' ' ^"'^'-^ 

°" "P" spontaneous release X loo. 
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* cytot«cl=lty „«y (ciL «s.« «s = nsidered positive If 
lysU by CIL f t-rgat. .B.„,ltUed with . ■.pLfic L^ h 

Without peptU., . A cytotp^^^ty «„y (cxi Z^^' 
eonelde«a borderline if the lysis by CIL of t<ir=ets 
se«itl,ed with . specific peptide .t the two ulhest eff. . 

^t^.t (H:X ratios wss « ^est*. th„ lysis r:XT 

targets (i.e., tttget cells without peptide). 

d. Essjilts. Of the peptides thst bind to the 1„H<„» ^ 

alleles, 9 „f the « H»CE peptides, 10 of the 

toitTi^^uc":; "r^' ' ^ pept^iies'L":::- 

TlltXj^Z''^ ««P'~a"t.tive graphs 

r ^ ---- 

^* wnich lists the ismunogenic peptides which ui^^ ^ 
the appropriate MMr , f«ptiaes which bind to 

T«^« Pf'^^P"**^* MHC and induce primary CTt in vitro. 

loaded With . H»OE , peptide, 1044.07 by the «w tf 
and incubation technique, Pi-ur. 21 ^LT. 

acid stri. i^di4 ^<i«i,ueX:er.rru."t:e"«r " " 

'^'"""fl^'»**«»>- technique (.iinil h) . 

.c« detau T«y ^r™""™ --"^^ ^ 

J.X oy way. of Illustration and example f or 
Clarity and unde^st«,dlng, it will be applet ^atT^^T 
Changes and nodlflcatlons «y be practl^'^rL 
the appended claims. "Ithm the scope of 
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TABLE 13 

VALIDATION OF CYTEL'S HLA MOTIFS 



10 




15 .A d..h i„dlc«e, «n IC50 greacer chan 20.000 „M 



20 



25 



30 



TABLE 14 

VALIDATION OF CYTEL'S HLA MOTIFS 




SEQUENCE 


MOTIF 


Al 


AADKAAAAAY 


Al 


45 


ATAKAAAAAY 


Al 


56 


ATDWVAAAAY 


Al 


4 .0 


ALAK^AAAAV 


A2.1 


ND 


AMAAAAAAAK 


A3. 2 


NO 


ATAAAAAAAK 


All 





A2.1 



1400 



A3. 2 

1100 
10000 

85 
216 




*A dash indicaces 



^^50 greater ctian 20,000 



All 

1030 
4533 

24.0 
88 



nM, 
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TABLE as 



HLA-A3.2 
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10 



15 



20 



25 



TABLE 16 



30 
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TABLE 17 
HLA-A24 
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10 



15 



20 



25 



PEPTIDE 

982.011 

982.07 

982.09 
962.13 
982.08 
954.09 



SEQUENCE 

ATDKAAAAY 

ATAICAAAAY 

ASAKAAAAY 
AM7UCAAAAY 
AAAJCAJVAAY 
AXJIKAAAAY 



954.11 
954,13 
982.10 
982.11 
982.12 
982.14 
982.15 
982.16 
982.17 

982.24 
982.23 
982.26 
982.32 
982.25 
962.26 
962.27 



AZAKAAAAY 
AVAKAAAAY 
AKAKAAAAY 
ANAKAAAAY 
ADJUCAAAAY 
AGAKAAAAY 
APAKAAAAY 
AYAKAAAAY 
AHAKAAAAY 

ATAKAAAAA 
ATAKAAAAF 
ATAKAAAAH 
ATAKAAAAV 
ATAKAAAAN 
ATAKAAAAD 
ATAKAAAAW 



TABLE 18 
HLA-Al 

AVERAGE RATIO TO 987:o7 | SUBSTITOTIOn" 
Motif 
1 

0.17 
0.095 
0.0064 
0.0045 



30 



982.30 
962.31 
982.29 



ATAKAAAAK 
ATAKAAAAI 
ATAKAAAAP 



0.0045 
0.0020 
0.0011 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 

0.0040 
0.0019 
0.0010 
0.0005 
<0.0001 
<0,0001 
<0.0001 
cO.OOOl 
<0.0001 
<0.0001 



position 2 
0 In pos 3 



position 9 
no D in pos 3 
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TABLE 19 
HLA-Al 
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TABLE 20(A) 

HPV16 E6 AND E7 PEPTIDES BINDING TO HLA-AI 



10 



15 



20 





P 4 r mm. 

r i^su 00 




Orgin 


Posicion 


Sequence * 


B6 


60 


ISEYRHYAY 


B6 


69 


VADKXLKFY 


B7 


44 


OAEPORAHY 


E7 


37 


EIDCPAGOA 


E7 


19 


TTOLYAYEO 


E€ 


144 


MSAARSSRT 


E7 


73 


HVDIRTLED 


E6 


139 


VrrSRAMSAA 


E6 


61 


YRDGNPYAV. 



Binding Ratio Motif 
CO Standard: Prediction 

3.S00 
0.240 
0.029 
0,025 
0.023 
0.019 
0.014 
0.010 
0.008 

Bold A-s indicate residues in which cysceine was replaced by^i^^ 
The average IC^o value ,SE of the standard in the course of the 
experiments considered in this table was 81,30 nM. Listed in the table 
are pep,,aes yielding ratio values of .0.001. All othe^ pe^ , 3 
yielded ratio values of «0.001. P^^^aea 
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Origin 



TABLE 20 (fl) 

JPVIgE6 and g7 Peptides Binding HL A>A ^ 
tasition 



107 





59 


E7 


89 


E6 


33 


E€ 


125 


E€ 


143 


ES 


7 


B$ 


93 


£6 


37 


E7 


51 


£€ 


145 


te 


75 


E6 


69 



E7 

£6 

£6 

££ 

£6 

E6 

£6 

£6 

£6 

£7 

ES 

£6 

E7 



52 
.80 
42 
68 
97 
79 
84 
69 

146 

58 

36 

67 

60 



Sequence* 
tllUINAOK 

IVAPIASOK 
IILEAVYAK 
HLOIQCORPH 
AMSAARSSR 
AMFOPI»0£R 
TTLEOOrMK 
AVYAKOOLL 
HYNIVtFAA 
SAARSSRTR 
KFYSKISEY 
SLYCTTLEO 
rNIVTFAAK 
ISEYRHYAY 
OOtXRREVY 
AVAOKALKF 
QOYNKPLAO 
KISEYRHYA 
RHYAYSLYG 
VADKALKFY 
AARSSRTRR 
AAKAOSTLR 
VYAKOOLLR 
YAVAOKALK 
KADSTLRU 



Bindiiig Ratio 
to Standard: 

3.7000 

3.0000 

2.2000 

1.5000 

0.4400 
0.1800 
0.1000 
0.0780 
0.0320 
0.0210 
0.0200 

o.oioo 

0.0080 
0.0067 
0.0064 
0.00S8 
0.0056 
0.0045 
0.0044 
0.0036 
0 .0025 
0.0020 
0.0016 
0.0012 
0.0012 
0.0012 



Motif 
Prediction 
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Table 20 tC) 
HPV16 E6 and E7 Peptides Binding to HLA-Al 1.2 



10 



15 



20 



25 



30 



Orgin 


Pirsc AA 
Posicion 


Sequence* 


Binding Rflcio 
CO Standard: 


Motif 
Prediction 


£6 


33 


XIL£AVYAK 


6 .7000 




£6 


93 


TTLEOOrNK 


1.8000 




£7 


69 


IVAPIASQK 


1.3000 


♦ 


£6 


7 


AMFQOPOER 


0.8400 




B€ 


59 


XVYRDGNPy 


0.4700 




£6 


80 


ISEYRHYAY 


0.4300 


- 


£6 


37 


AVYAKOOLL 


0.0450 


£6 


145 


SAARSSRTR 


0.0330 




£6 


107 


LIRAINAQK 


0.0120 


♦ 


£7 


56 


AAKADSTLR 


0.0110 




£6 


42 


OOLLRREVY 


0.0084 


♦/- (♦)* 



" "3 AMSAXRSSR 0.0084 

" '9 KISBYRHrA 0.0076 

YAVADKALK 0.0074 

52 YMIVTFAAK 0.0060 

" fi« AVADKALKF 0.0037 

" 69 VADKALKFY 0.0030 

" 38 VYAKOOLLR 0.0022 

" "0 TCRAMSAAIl 0.0012 

^ »0 VAPIASOKP 0.00X2 

— SI HYWIVTFAA Q.OOIO 

T''"'^ in Which cysteine was replaced by alanine " 

BracKecs indicace score according co adjusted mocif. 
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10 



15 



20 



Orgin 



B€ 
B€ 
B7 
Be 
S6 
£6 
fi6 
E6 
£6 
£6 
Eg 

Bold A's 



Table 20(0) 
HPVI6 £6 and E7 Peptides Binding to HLA.A24 

First aa *i — 

Binding Racio 
to Standard: 

0.X2O0 

o.xioo 

0.1000 
0.0670 
0.0610 
0^0460 
0.0200 
0.0055 
0.0049 
0,0037 
0.0023 
0.0011 



taaition 


Sequence' 


87 


AYSLYCTTL 


72 


KW-KFYSKI 


131 


RPHMIRGRW 


49 


RAHYNXVTF 


49 


VYDFAFROL 


32 


EVRHYAYSL 


26 


tOTTIHDII 


66 


PYAVADKJIL 


1 


MHOKRTAMF 


65 


HYAYSLYCT 


44 


U«RR£VYOP 


38 


VXAKQQLUl 



Motif 
Prediction 



(*}'• 



♦ 



T1»e average ICe„ valu. « , T =y««ine v« replaced by aia, 
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Peptide 10 / 

777.03 
10 924. D7 

927.32 

938.01 

939.03 

941.01 
15 1044.04 

1044.05 

1044.06 



Table 25 a 
Keptides iSynthesized 
by Cy$Al,.FfKt. lioadiA? 
Onto Acid Stripped 
Autologous PBHCs and 
PHA Blasts 
Antigen 
HBs 
HBc 
HBp 
HAGE 1 
PSA 
HBc 
PAP 
PSA 
PSA 



Sequence 
FLLTRILTI 
FLPSOFFPSV 
GLYSSTVPV 
£AOPTGHSY 
VLVHPQWVL 
PLPSbYPPSV 
ILLWOPZPV 
KLQCVDLVBZ 
MT.T.RLSEPAEL 



20 Table 25 b 

Cell Population 



JY acid stripped 
25 JY acid stripped 
JY control 
JY control 



"^l-Labeled 

Peptide +/- Cold 

Peptide 

- cold peptide 

+ cold peptide 

-cold peptide 

+ cold peptide 



CPMS 
+/- std. dev. 

3553 ± 157 
13 

370 ± 37 
SO 



n ■ 
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WHAT IS CTAIMED TS; 



1. A composition comprising an immxinogenio peptide 
having a HIA-A3.2 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue selected from the group 
consisting of L, M, I, V, S, A, T, F, C, G, D and E; 

and a second conserved residue of K, R, y, H and F; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



2. The composition of claim i, wherein the first 
conserved residue is at the second position from the 
N-terminus. 



3. A composition comprising an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, s and M; and 

a second conserved residue of D, E, A, s and T; 

* third conserved residue of Y; 

wherein the first and second conserved residues are 
adjacent and the second and third conserved residues are 
separated by 5 or 6 residues. 



4. The composition of claim 3, wherein the first 
conserved residue is at the second position from the 
N-terminus . 



5. A composition comprising an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about lo residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 

a second conserved residue of Y; 



wo 94/03205 



PCr/US93/0742I 



10 



15 



20 



119 

feeparated by 6 t 7 re^id^es. 

6. Tb^ composition of claia 5, wherein the first 
conserved residue is at the second position from the 
N-terminus and the second conserved residue is at the ninth or 
tenth position froB the H-terminus. 

7. A coBsoaition comprising „ imunogenlc psptid. 
tavin, „ HI*-»l tindin, «tif, «hich i»«no,«,io p^tl^taV 

from the N-terminus to the C-terminus. 

a first conserved residue of d, E, a, s arid T; and 
a second conserved residue of y 

wherein the first and second coi^erved residues are 
separated by 5 to 6 residues. 

8. The composition of claim 5, wherein the first 
conserved residue is at the third position from the ;.t^tus 
and the second conserved residue is at the ninth ortenth 
position from the H-terminus. 

9. A composition comprising an immunogenic nentid^ 
^ng^a ,^.^11 binding .otif , which peptide ha/^^^fr 
about 9 and about 10 residues and the following residues from 
the Nterminus to the C-terminus: oiaues, from 

a first conserved residue of l. M l v » « 
C, F, D, E; and ' ' ^' ^' ^' 

a second conserved residue of k, R h- 

Wherein the first and second conse^ed residues are 
separated by 6 to 7 residues, residues are 



10. The composition of claim 9. wherein i-h. ^ 
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has between ab ut 9 and about JO residues and the following 
residues, from the N-teminus to the C-terminus: 

a first c nserv d residue of Y, W; and 
a second conserved residue of F, I, L, W, M; 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

12. The composition of claim 11, wherein the first 
conserved residue is at the second position from the 
N-terminus. 



13. A composition comprising an immunogenic peptide 
having an HLA-A3.2 binding motif, which immunogenic peptide 
has 9 or lo residues: 

a first conserved residue at the second position 
selected from the group consisting of A, I, L, M, T, and V; 
and a second conserved residue at the c terminal postion 
selected from the group consisting of K and R. 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

14. A composition comprising an immunogenic peptide 
having an HLA-All binding motif, which immunogenic peptide has 
9 or 10 residues and the following residues, from the 
M-terminus to the Cterminus: 

a first conserved residue at the second position from 
the N terminus selected from the group consisting of A I l 
M, T and V; and > » > 

a second conserved residue at the c tenninal position 
selected from the group consisting of K; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

15. A pharmaceutical composition comprising a 
Pharmaceutically acceptable carrier and an immunogenic peptide 
havxng a HLA.A3.2 binding motif, which immunogenic peptide has 
between about 9 and about lo residues and the following 
residues, from the N-terminus to the C-terminus- 
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, . , * fifft conserved residue selected froa the group 
co„sxsti„g.^^f I., M, I, .^,.S,.A, .TV P, G, r iiid E; ^ 
f con§,e?yed residue 6f K, R and Y; 

^^^i^ thevfirst and second cbns^ed residues are 
' separated by 6 to 7 residues. laues are 

16. A pharmaceutical composition comprising a 
Pharmaceutically acceptable carrier and an immunogenic »«nt.iH 
>ving a «^.ai binding motif, which i^unog^l^^^e^ t- 
between about s and about 10 residues and th* foUo!ing 
residues, from the N-terminus to the C-terminus: 

a first conserved residue of t, s and M; and 
a second conserved residue of D, E, A, S and T; 
a third conserved residue of Y; 

Wherein the first and second c^nse^ed residues are 
separated by x residue and the second and third con^eC, 
residues are separated by 5 or 6 residues. 

17. A pharmaceutical composition comprisina a 
Pharmaceutically acceptable carrier and an imm,Logenic penti. 
having a HLA-Al binding motif, which l»muno^n"tiarH 
between about s and about lo residues and ^^rfoxLtn' 
residues, from the H-terminus to the C-terminu!! 

a first conserved residue of T, s or M; and 

a second conserved residue of Tyr- 

Ph««c.tlc.Uy .=c.pt<a,le ««ri.r «„, „ l^L,.^,' ,^ 

havxng a HLA-Al hlnrH«« ^^4.*^ ""aunogenic peptide 

terminus to the C-terminus: 

a first conserved residue of D, E, s, T; and 
,^ a second conserved residue of Y; 

Wherein the first and second conserved residue, 
separated by s to 6 residues. residues are 
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19. 



A pharmaceutical compositi n comprising a 
pharmaceutically acceptable carrier and an immunogenic peptide 
having a HLA-A24.1 binding m tif, which peptide has 
a first conserved residue of Y, f, w; and 
a second conserved residue of F, I, l, V, or m; 
wherein the first and second conserved residues are 
separated by 6 to 7 residues. 



20. A method of identifying an immunogenic peptide 
comprising the following steps: 

determining a binding motif for an MHC molecule 
encoded by a preselected MHC Class I allele; 

screening an amino acid sequence of an antigenic 
protein for the presence of the binding motif- 

the M„.i;*'ri7 ' "^'^ 

preparing a test peptide of about 8 and about ii 
residues comprising the selected subsequences; 

t« ^^V""^"^"^ ^« •^ility ot the test peptide to bind 

to the preselected MHC allele and induce a CTL response, 
thereby identifying immunogenic peptides. 
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figure 2 
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Figure 8 
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Figure 24 
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